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Dripping High Pressure 


High Temperature Steam Piping 


HE problem of dripping high pressure high tem 
perature steam piping has received increased atten 


tion as higher pressures and temperatures are used. 


While the cost of drip piping may represent only 4 to 5 
per cent of the total piping cost in a modern central sta 
tion, it often causes as much as 95 per cent of the piping 
troubles. 


Ideally, a given piping system should have only one 


low point so the number of drips and open blows in a 
plant would be a minimum. However, the best piping 
arrangement from the standpoint of securing adequate 
flexibility with the least expenditure for pipe may require 
vertical crossovers and headers having a number of points 


from which suitable provision for removing condensation 
must be made. 
In the case of saturated steam lines, condensation 


must be removed continuously and, where velocities are 
high, lines should be pitched downward in the direction 
of steam flow. Superheated steam lines in general re- 
quire dripping only during warming up the line and when 
the steam flow is greatly reduced. Since superheated 
steam velocities are low under these conditions when 
condensate is present, superheated steam lines may be 
pitched counter to the direction of steam flow if any ad 
vantage in layout is thus obtained. 

There is a tendency to provide larger drip connections, 
open blows, and the like on high pressure superheated 
steam lines than are actually needed. Of course, the 
practice followed in bringing a steam line up to tempera- 
ture differs widely in different plants. An allowance of 
three to four hours is considered reasonable to bring a 
turbine lead up to a tem- 
perature satisfactory for 
starting a turbine. In 
warming up a turbine lead, 
for example, drip connec- 
tions and open blows near 
the turbine throttle valve 
are opened and steam is ad- 
mitted to the line through 
a % in. bypass valve around 
the turbine stop valve which 
is located at the high pres- 
sure end of the turbine 
lead, 
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uum By Arthur McCutchan === 


As higher pressures and temperatures are used, 
the problem of dripping steam piping receives 
increased attention ... While it has not as yet 
been solved with complete satisfaction, the im- 
pulse type of trap for continuous service and 
single orifices for drip lines operated for short 
periods would seem to be indicated by the in- 
vestigations of The Detroit Edison Co., accord- 
ing to Mr. McCutchan. Strainers should precede 
both the orifices and the traps to prevent clog- 
ging, and open blows should be used freely dur- 
ing the initial operation of a piping system 





\n isometric diagram of the hot drip system imstalle 
in the Conners Creek plant of The Detroit Edison Co 
is shown in Fig. 1. While on first inspection this dia 
gram appears complicated by the number of drip lines 
and the valving at the traps or drip orifices, a simplified 


drawing eliminating drip lines from auxiliary headers, 


valve seat drains and the like fails to give a complete 


picture of the problem. 
Iriy 
pocket close to the turbine throttle valve with a relatively 


It was formerly considered necessary to provide a ¢ 


large connection to the turbine lead where the steam pip 
The 


automatically 


ing approached the turbine from above 
rangement Fig. | 
large drip pocket for the 30,000 kw units 


piping at 


shown in provided a 
Experience 
has shown that such a drip pocket can be dispensed with 
and that a to 1 in. connection is entirely adequate 
Turbine leads to the 60,000 kw 


The method of connecting drip piping and 


units do not have any 
drip pockets. 
drains to main steam pipe lines is illustrated in Fig 
The practice followed by The Detroit Edison Co. ts 
low cat 


to 
provide a short nipple of heavy walled, ductile, 
bon pipe, Schedule 160, for 650 and 865 Ib per sq in 
steam lines. The nipple usually is made one pipe size 
larger than the balance of the drip line to care for this 
greater wall thickness. in 
valve is counterbored to receive a nipple at th 
inlet end and ™% in. pipe at the outlet end. These 
source nipples provide additional mechanical strengt! 
both by reason of their greater diameter and heavier 
wall. 

Some idea of the extent to which the use of 
construction 


For example a source 


in 


socket 
welded has 
simplified and improved the 
appearance of drip piping 
can be gained from Fig. 3 

While the 
standards used in drip pip 
ing correspond with those 
used in the 
lines, the intermittent nature 
of the flow and the lower 
temperature resulting there 
from permit the use of com 
position asbestos gaskets 
and carbon 
fitttings and flanges where 
the temperature conditions 


in general 


steam 


main 


steel valves, 














in the superheated steam lines require metal gaskets and 
alloy steel valves and fittings The following selections 
of high pressure drip piping for the 865 lb per sq in., 


910 F piping system at Delray illustrate this practice. 


Pipe—Carbon-molybdenum seamless pipe, Schedule 160, A.S.A. 
$36.10, 

Flanged Fittings, Valves, and Companion Flanges—Forged 
carbon steel, or cast carbon steel (Carbon-molybdenum or other 
alloy steel may be substituted if its weldability is acceptable). 
Inlet side of orifice or trap; American Standard 1500 lb S.S.P. 
Outlet side of orifice or trap; American Standard 600 Ib S.S.P. 

Gaskets—Composition asbestos gaskets, sy in. thick. 

Bolt Studs A.S.T.M 


fication A193, Grade B13, threaded ends only (full threaded bolts 


Chrome-tungsten-molybdenum. Speci- 
are permitted in valve bonnet joints) 
Vuts—Carbon steel, A.S.T.M. Specification A194, Class 2H. 
Pipe Jomts 


Socket welded, or flanged with '% in. serrated 


raised faces 


It will be noted from the above selections that bolt 
studs threaded at the ends only are used in line joints 
and that full threaded bolts are permitted in valve bon 
net joints. While bolt studs with full size unthreaded 
shanks are preferable for service conditions where creep 
is a factor, the differences are not sufficiently large to 
warrant departure from the almost universal practice of 
using full threaded bolt studs followed by valve manufac 
turers The lesser length of bolt subjected to high stress 
and consequent higher rate of creep is, of course, the rea 
son for preferring bolt studs threaded at the ends only. 
Under conditions producing fatigue failure, as in con 
necting-rod bolts of reciprocating engines, the use of re 


Fig. 1—Isometric of drip piping at Conners Creek plant 
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duced shank or 
full threaded bolts 
is supported both 
by test and serv- 
ice experience, but 
in usual piping ap- 
plications the 
greater resilience 


and lesser stress 





concentration ob- 
tained with such 
bolts is of little 
practical significance. 


Fig. 2—Method of connect- 
ing drip lines to steam pipe 


The use of composition asbestos gaskets under ser\ 
conditions where temperatures in the neighborhood 
800 F may be encountered might seem questionable, | 
this selection is supported by some three years satis! 
tory experience with composition asbestos gaskets in t 3 
flanged connections to the 30,000 kw, 825 F 
Conners Creek. 


turbines 


Since we had found conventional traps unsatisfact: 
as a means of controlling removal of condensate 
high pressure, high temperature steam lines, efforts we: 
directed toward developing some form of labyrinth su 
as a number of orifices in series which would be less su 
ceptible to clogging than a single orifice of smaller dia 
eter. For, despite all precautions, there is always a c 
tain amount of extraneous matter to be removed during 
initial operation of a plant. Experience with single ot 
fices in 400 Ib, 700 F drip lines at Delray had been re 
sonably satisfactory after mill scale and other dirt in 
lines had worked out of the system. 

The multi-stage orifice design shown in Figs. 3 and 
made it possible roughly to double the diameter of 
orifice over that for 
single orifice for 
same discharge capa 
ties As mav be not 
from Fig. 4, the mult 
orifice design embodi 
a number of orth 
plates spaced in a wel 
ed assembly. By sel 
tion of different nu 
bers of plates and si: 
of orifices a variety 
capacities was obtain 
Steam and hot wat 
discharge capac iti¢ 
were determined 
flow tests. 


While 


stage orifice assembli: 


these mult 


were found to be mu 
less troublesome th 
the traps 
replaced, the 


which . th 
amou 
of steam discharged 

creased rather rapid 
with use since the | 
carbon machinery st 


plates originally us: 
were found to er 


badly due to the acti 
of the wet steam. Or 
fice plates of sever 
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terials have been installed with varying de 
evees of success. High carbon steel plate has 
} en found about as good as any of the materials 
s far tried. 

fests made with superheated steam at 600 Ib 
per sq in. and 700 F and with the boiler feed 
water at 350 F showed practically the same ratio 
of steam to water discharge capacity for the single 
anc multiple orifice designs. The ratio of the 
amount of superheated steam to the amount of 
boiler feed water discharged was found for the particular 
pressure conditions of test and orifice design as approxi 
mately one to 14. If a satisfactory strainer is developed 
to prevent clogging of the smaller orifices, these tests 
would seem to indicate that as good results might be 
expected with the smaller single orifice design as with 
the multiple orifice type. In either design the orifice 
should be made of material resistant to erosion by wet 
steam, or enlargement of the orifice with attendant in 





Fig. 3 Conners Creek plant—mullti-stage orifices 


Drip piping 


crease in steam loss will result. Experiments with stain 
less steel and stellited orifices are under way. 

While orifices, despite their limitations, had given good 
service, something better than either a simple or mul- 
tiple orifice was desired for continuous drip conditions 
as the ratio of amount of steam discharged to the amount 
Where 


the drip lines are open only in bringing the line up to 


# condensate that can be passed is rather high. 


temperature, orifices may be used without any particular 
loss of heat. 

\ type of trap developed for high pressure service 
which is described as an impulse trap is illustrated in 
Fig. 5. In this type, flashing of the hot condensate tends 
to force a small piston into the discharge opening when 
the temperature of the condensate approaches within 
about 30 deg of the saturation temperature. As soon as 
condensate collected in the drain system cools sufficiently 
below the flash temperature, the trap opens and dis 
charges accumulated water until the temperature of the 
condensate once more approaches the saturation tempera- 
ture and flashing closes the trap, again repeating the 
cycle. A small orifice permits a continuous discharge 
of steam or flashed vapor when the trap is closed. The 
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Fig. 4 


operation of impulss 


Wechanical Engineering’, 
Tests of a in. and ; 


heated steam and with boiler feed water showed that 
properly adjusted the I superheated steal 
water that could be discharged was approximate! 
to 85. The conditions of test were the san ‘ 
testing the single and multiple orifice desig Sin 
operation of the trap was found to be quite « 
lated to the proper setting of the control 
be desirable to have un al wat 
capacities ol these traps checke flo < ‘ P 
the manufacturer o1 iser’s plant 1 sure ] 
adjustment of the cont: umbe 

\ recent development of this ty t » WwW 
porates a flanged strainer and flanged bonn 
test. Cmne month’s service on a 630 Ib, 825 wuxili 
superheated steam header, ere ecaust 1] 
considerable condensation must remove 
that good results may be expectes om t 
ratio of amount of superheated steam to hot water 
charged, in this case, was found to be approximate! 
to 200 

The selection of body seating materi 


service 18 Of course a matte! 


materials satisfactory 


(for example) may not stand up in service at 865 


Only 


sq in. and 910 | 


Was 


\ugust 


Details of multi-stage orifice 


1986 


in. 1mpulse trap w 


{ long (| 


; ] | ry ; 
ot rial and co ectiol 


oT drips from a 650 Ib ae 


Service wil 


demonstrate the adequacy of the materials selected 


bon-molybdenum bodies, stainless steel 


and strainers. 
the trap under test. 


The problem of dripping high pres 


and stellited 


valve ‘ 


contre ‘ 


ture steam piping has not been solved with complete 


istaction but the impulse type of trap f 


or continuous 


ice and single orifices for drip lines operated for 


periods would seem to be indicated 


made so far 


orifices and the impulse traps to 


small passages 


prevent cl wong 


by the investi ration 


ing the initial operation of a given piping system 


The author wishes 
to acknowledge the 
assistance given in 
the preparation of 
this article by 
Messrs. J \. Blec 
ki, W. W. Brown, 
\. C. Pasini, and C. 
R. Schmansky of 
The Detroit Edison 
Co. 


“Fluid Flow 


Through 


Iwo Orifices in Series,” 
by Milton ¢ Stuart and 
DD Robert Yarnall 


Fig. 5 


Impulse type trap 





escribed 1! letail 


Strainers should precede both the sing! 


Open blows should be used freely dur 





OUR years ago a central heat- 

ing plant of novel design was 

installed at Mount Holyoke Col- 
lege, South Hadley, Mass., consisting 
of 120 oil burner-boiler units, all situ- 
ated in one boiler room, and furnish- 
ing steam through existing under- 
ground mains to 29 of the principal 
In addition, 51 units of the 
installed either 


buildings. 
same design were 
singly or in small groups to heat out- 
lying buildings not connected to the 
steam distributing mains." 

Since the use of so many boilers in 
a central heating plant is unusual, 
many questions have been raised re- 
garding the performance of the plant 
and some criticism has been encount- 
ered of the choice of so many small 
units. It is now possible to summar- 
ize the operating results of this in 
stallation and to set down specifically 
the savings which have resulted and 
the low record of maintenance and re 
pair this installation has established. 

The design is unusual; no general 
statement can be made regarding its 
applicability to other heating loads of 
the same magnitude. Therefore, it is 
worthwhile to repeat briefly the con 
siderations which led to the selection 
of this plant for this particular situa 
tion, and which have proved advan 
tageous during the operating period 
since installation. 


1. Old Plant Obsolete—The earlier hand- 
fired heating plant, after 30 odd years of 





The central heating plant and the high velocity stack 








Performance of 


Mount Holyoke’s 
Heating Plant 


By D. W. McLenegan* 





service, was to be replaced by a more mod- 
ern plant with automatic operation. 

2. Chimney Appearance Objectionable— 
The existing plant was unsightly and, from 
the architectural planning standpoint, its 
elimination was highly desirable. 

3. Dificulty of Relocating Plant — This 
led to consideration of a new plant, to be 
situated about one-half mile from the old 
location. However, a change of plant loca- 


When Mount Holyoke College installed a multiple-unit central heating . 
plant four years ago comprising 120 oil fired boilers under complete 
automatic control a great deal of curiosity and considerable criticism 
was aroused. How the scheme has worked out in practice is described 
here, and the reasons for adopting it are summarized. .. . While the 
author does not intend to put forward the multiple boiler idea as the 
best solution to large scale heating problems in general, he feels that 
Mount Holyoke’s choice for the particular situation that they faced has 


been amply justified 





tion would have involved difficulty in re- 
locating the underground steam mains. The 
campus is on hilly ground, underlaid with rock, hence the ad- 
dition and rerouting of steam mains would have been very 
costly. 

4. No Space for Individual Plants—In most of the principal 
buildings, basement spaces were already in use as class rooms, 
laboratories, etc., leaving no space for individual heating plants. 
Further, many of the buildings did not have chimneys, which 
could have been added only with considerable sacrifice of sym- 
metry and architectural effect. 

5. Plan for Using Original Location—Back of the old plant, 
and partly embedded in a hillside, was a large coal bunker. By 
using this space for a new boiler plant, and with equipment 
requiring only small headroom, it was possible to build a new 
and inconspicuous plant without changing the location. 


*Air Conditioning Dept., General Electric Co. 

1A description of the installation, by B. R. Sheldon and F. A. West- 
brook, was published in the November, 1934, Heatinc, Pieinc anp AIR 
CONDITIONING, 
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Through the ingenious solution of the problem whi 
was adopted, the appearance of the campus was 
proved, while at the same time the expense of new st 
mains was avoided. Today, grass is growing in 
sod laid over the roof of the new plant, which is invis! 
from nearly all parts of the campus. A 20 ft stack 
simple design extending above the plant carries awa 
the flue gases which leave the induced draft fan at In 
velocity; but neither noise, smoke, nor fumes bet: 
the operation of the boiler plant below. 

At first, it was planned that the coal bunker str 
ture, after being cleaned and repaired, should house 
new equipment. But before construction was start 
the decision to build a new library on the campus, to 
heated from the central plant, necessitated an enlat 
Consequently, the coal bunker was torn do 


} 


{ 


ment. 
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the heating plant. The new building was heavily con- 
structed so that the space above might be sodded and 


used as a platform for college activities. 


How System Is Controlled 


Modern automatic heating plants were also installed 
in the buildings not heated from the central plant. Many 
of these buildings are residences requiring only single 
boilers. The largest separate installation, involving 1] 
boilers, was made in Mandelle Hall dormitory. Here 
the small boilers were placed in a.space broken up by 
supporting columns, and the former boiler room was 
made available for other uses. In this building, four 
separate heating zones were established, each with ther 
mostatic control because of the differences in exposure 
of the various faces of the building. 

All boilers in the Mandelle plant are connected to a 
single steam main, and the branches are sectionalized by 
motor operated valves. 

Upon a call for heating in any zone, the proper steam 
valve opens and the corresponding group of units is auto 
matically started. 
is needed, the control automatically provides for starting 
one additional unit if none of the other boilers happen 
to be under fire. For mild weather, a single unit with 
indirect heater and storage tank supplies hot water for 
the building, and the other 10 units are shut down, to 
eliminate completely the standby loss. 

The heating of any building served by the central 
plant is regulated by remote control from the central! 
plant. By this means also, the heating up of various 
buildings in the early morning is accomplished in steps, 
so that the boiler load is brought up in small increments. 

Where one pipe steam radiation is installed in a large 
building, there is always a problem of supplying uni 
formly a small quantity of heat in mild weather. Since 
all of the principal buildings had one pipe systems, this 
problem was dealt with by a special modification of the 
A heating cycle of about 10 minutes 
was established for all buildings and 


To provide quick response when heat 


control system. 


steam is admitted to each building by 
a master valve for a variable percent- 
age of the 10 minute cycle up to a 
This ad- 
controlled 


maximum of eight minutes. 
justment is automatically 
from the central plant in accordance 
with outdoor although 
the control enables the operator to 
meet unusual heating requirements 
(such as the case of a special evening 
meeting) in any building. 


temperature, 


Performance of the Plant 


The first winter—1934-35—was to 
some degree a period of trial and ad- 
justment, although the plant delivered 
adequate heat at all times. Since that 
time, the plant has operated without 
failure, and with small expense for 
maintenance. When desirable, boiler 
units are occasionally withdrawn from 
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ind a slightly larger building erected in its place to house 





service for inspection or adjustment without noticeably 
affecting the output or operation of the plant as a whok 
Thus any necessary servicing can be done at the conve 
nience of the operators, without requiring immediate o1 
emergency attention. 

For the 1935-36 heating season, the operating records 
of the plant engineer have been carefully examined in 
Mount Holyoke Col 


$y comparison with the old plant, and with the 


cooperation with authorities of 
lege. 
former operating costs corrected for weather variations 
and for changes in fuel costs, an operating saving of 
$16,000 for the season was disclosed, taking into a 
count the various isolated plants as well as the central 
plant. 
fuel and attendance 


The saving consists largely of reduced costs 
Although many of the isolated 
buildings are considered to be more adequately heated 
with the new equipment, no attempt has been made to 
adjust costs to include this point. The comparison does 
however, include all repairs to the equipment, insuranc: 
costs, and the cost of electric energy) for plant operation 

Of equal importance was the saving in first cost of 
the plant as compared with the cost of the alternative 
involving a plant at a different location. Based on 
studies made before the final selection, this investment 
$100,000, according to fig 


saving was approximately ft 
ures approved by the College. 

Of particular interest to engineers are the results 
the monthly summaries of boiler plant efficiency, r 
corded and summarized by the plant engineer, B. R 
Sheldon. 


overall oil-to-steam efficiency of 76.5 per cent for the 


The record for September, 1935, shows an 
month's total operation. This figure is unusual in that 
it represents a month's operation at an average load of 
less than 20 per cent of plant capacity. During th 
other months of the 1935-36 season, the monthly sum 
maries showed efficiencies ranging from 75 to 78 pet 
cent, the weighted average for the season being 77 per 
cent—an unusually high average. The same efficiencies 
and low maintenance have been recorded for the 1936-37 
and 1937-38 seasons 

Table 1, 


extracted from Mr. Sheldon’s annual sum 


Some of the 120 oil fired boiler units in the plant 








Master regulator for the 120 units 


mary for the 1935-36 heating season, indicates further the 
overall performance of the heat generating and distribut 
ing system. 

The annual figure of 5.18 gallons of oil per sq ft of 
radiation is of interest because it includes several unusual 
items. First, there is the fixed loss, continuous through 
out the heating season, from the existing underground 
steam mains. Second, there is the rather long-day oc 
cupancy of college buildings, many of which are used as 
dormitories and study halls, in addition to the classrooms. 
Also included in this figure is the water heating load for 
the various buildings. 

The figure of 6.13 gallons of oil per sq ft for the sepa 
rately heated buildings is an average of figures varying 
over a range of more than two to one, and this variation 
indicates the extent to which heating costs may be af- 
fected by the dictates of the occupants even where the 
heating equipment and the method of thermostatic con- 
trol are unifornt throughout. 


Kind of Fuel 


In discussions of this plant, the point has been raised 
that the use of larger boilers with Bunker C oil would 
have reduced fuel costs. This is true insofar as the cen- 
tral plant is concerned. This plan was carefully studied 
in advance, and was found to have the following def- 
ciencies : 


1. Separate oil supplies would have been required for the cen- 
tral plant and for the isolated buildings. This in itself would 
have raised the oil delivery costs, since oil is delivered by motor 
trucks and frequent cleaning of the tank trucks would have been 
necessary if both No. 6 and medium grade furnace oil had to be 
transported. 

® In addition, the use of the large central storage tanks as an 
emergency oil supply for the outlying buildings—a valuable safe- 


guard—would have been sacrificed. 
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Table 1 


Fuel Consumption 





CENTRAI SEPARA 

ITEM PLANT Burton 
Load, EDR : 154,545 B8.08¢ 
Degree days 6,395 6,39 
Average temperature of feed water, F 155 
Ethciency, per cent.. : 77.0 
Days in season . 202 302 
Gallons oil per sq ft ‘ 5.18 6.1: 
Gallons oil per sq ft per D.D 0.0008 1 0.0009 





3. The centrally heated buildings represent less than 65 pe 


cent of the radiation load. Hence, any saving through the us: 
of heavier oil would have been applicable only to this part o’ 
the total fuel supply. 
been the increased rate for the furnace oil, if purchased for on! 


A further offsetting factor would hav 


35 per cent of the load, in the buildings heated separately 

4. The burning of heavy, low grade oil requires large boil 
units. Such units could not have been housed in the plant a 
it was built, consistent with the planning of that part of 
campus. 
5. Even if means had been found to use a few large boil 
units in the present location, it is doubtful whether Bunker | 
oil could be burned without giving rise to some complaint 
smoke and fumes from nearby buildings. With medium grack 
the present plant has justified all expectations in that no con 
plaint of smoke or of oil fumes has resulted, even though sever 


occupied buildings are situated very near the boiler plant 


From these considerations, it is felt that under th: 
circumstances in this case the use of small units using 
an intermediate grade of oil was justified. 

It is not the intention to put forward the multipk 
boiler idea as the best solution to large scale heating 
problems in general. Experience based on other studies 
shows that many economic factors must be weighed b 
fore recommending so large a plant, although many mu! 
tiple unit plants with five to 20 boilers are in successful 
operation. 
countered at Mount Holyoke, the selection of the multi 
ple unit plant has been amply justified by its operatin 


Nevertheless, for the particular situation e1 


rece rd. 





Uniform Marking of Valves and Fittings 


In the article of this title published in the July H 
& A. C. diagrams were reproduced on p. 438 showing th: 
typical body marking and typical identification plate fo 
a 4 in. alloy steel valve rated at 1500 Ib per sq in. stean 
service pressure at a temperature of 900 F. In the cay 
tion it was stated that all markings except items } (bill 
material number) and ¢ (serial number of valve) on the 
identification plate are mandatory. 

Actually items @ (size of valve) b, c, and A (at 
mospheric temperature liquid pressure rating) shown 01 
the identification plate are not mandatory, but are optiona 
with the manufacturer, although the size marking (ite: 
a) must appear either on the valve body or the identific: 
tion plate. All other markings shown on the identificatio 
plate are mandatory for a valve of this type. 
bon steel valve, however, having a steam service rating 
1500 psi at 750 F, the temperature marking (item / 
and the alloy steel symbol in item d are not required. 


For a cat! 
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Department Store Cuts Conditioning 


ost by Careful Planning for Economy 


By Walter A. Henne* 


N the design of a 

large air conditioning 

system for a depart 
ment store it is important 
to obtain the proper pre 
liminary information and 
then to carefully analyze 
the data. Most large stores 
have existing ventilating 
systems which can be re 
vamped and incorporated 
with the air conditioning 
system. Some have exist 
ing steam boilers and elec 
tric generating equipment. 
In the preliminary survey 
for the H. & S. Pogue Co. 
department store, 4th & 
Race Streets, Cincinnati, 
Ohio, all three of these 
were available. 

Our store is an eight 
story building, approxi 
mately 200 ft long by 195 
ft wide, with an eight floor chanical plant. 
annex im the Carew 
Tower Building 105 ft 
long by 100 ft wide. It 
was desired to air condi 
tion the basement and first 
three floors of the build 





Pogue’s cooling tower features the air 
conditioning system of which it is a part 


In the design of a large air conditioning system, it 
is important to co-ordinate the plan with the specific 
requirements of the building and its existing me- 
Through careful preliminary study 
of its ventilating system, boiler installation, and elec- 
tric generating equipment when it was decided to 
condition the H. & S. Pogue Co. department store, 
very worthwhile operating economies have been 
achieved. .. . Mr. Henne, the operating superinten- 
dent, analyzes the problem and reports the results 


air distributior For « 
ample, if a booth wer 
comfortably cooled al cl 


a hair dryer was not 
operation, then when thi 
hair drver was put 


operation and if the 


tional required coolis 
were not supplied to the 
particular booth, there 
would be a tenden 

the temperature lé rise 


and for the air to econ 
uncomfortably warn 


requires a design for ind 


vidual booth air contr 
so for this space adjusta 
ble air outlets wer 
stalled for ea hoot 


within eas\ 

operator An overhea 

air distribution svstem was 

installed to maintain con 

fortabl conditions in. the 

beauty parlor duri 
} 


times “ 





ing, together with the 
beauty parlor on the sixth 
floor. This represents an air conditioned area of ap 
proximately 157,600 sq ft 
downstairs store and also the ladies ready-to-wear de 


These floors include the 
partments on the third floor. In the ladies ready-to 
wear departments air conditioning is particularly desir 
able because it lessens soilage of the garments due to 
customer handling and try-ons, and decreases the re 
Not only in this department but 
in all departments, the exhilarating freshness of the 
conditioned air tends to brighten the salesgirls and 
make them more alert and efficient. Not only are the 
salesgirls pleasant, but the customers are more comfort 
The more 


sultant mark-downs. 


able and in a better buying frame of mind. 
comfortable our customer, the longer he or she will re 
main in the store and in the presence of the displayed 
merchandise. 

The sixth floor beauty parlor has 40 booths, and was 
a distinct design problem in itself. In a beauty parlor 
intermittent operation of the hair curlers, dryers, and 
other electrical appliances requires that the system have 
considerable flexibility in air temperature control and in 


Operating Superintendent, The H. & S. Pogue Co 
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heat loads from the dri 
ers, et are not In opet 
ation he individual 
hooth supplies were cd 
signed to take are 
only this additional h 
load 


In the design of the ai conditioning system tor the 
main store, the heat loads were first calculated to dete 
mine the air quantities and the refrigeration tonnage. Th 
required zoning of the conditioned space in accordance 
with localized heat loads was then analyzed. For ex 
ample, in the downstairs store on sale days. as a result 
of crowds in this area, the air has to be supplied coole1 


than to the rest of the store. Also, the sun shining on the 
west windows of the building requires cooler air intro 
duced to this section to maintain comfortable conditions 
and an even temperature than the air introduced into the 
interior sections of the store. There are certain partitions 
which separate one section of the store from another 
which make it desirable to zone these sections from th 
rest of the store. 

\s a result of this analysis of the people, lights, and 
exposure load, it was decided to make the basement a 
to divide the first floor into five zones 
independent of the other floors ; and to divide the second 
and third floors into five zones each The air for the sec 


separate zone : 


ond and third floor zones was to be supplied from indi 


vidual sets of apparatus placed on the second floor 
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3. A well with a capacity 

















250 gpm of 60 F water w 
the main 





































































































MaDe ate orate mes available in engi! 
Turbine] Surface condenser room. An analysis of this w 
Y, yerre ge ter showed that it was hard w 
S > ter and somewhat muddy. Ho) 
To house pumpg TA | ever, it might be used for pr 
% i Lol pmoter fo cooling in a closed system whe 
- "9 its temperature would not 
raised enough to cause preci; 
spon ol ao Ae * | tation of the carbonates in t 
water. 
cooling cone ™ | 4. Three large boilers we 
available with a total capacit 
: t | of 1300 boiler horsepower 
| | 150 Ib pressure. The best o; 
1 erating efficiency of these boi 
| Precooting coi a Vent fe atmos, a eae . | ers is at 175 to 200 per cent 
| Grdensale Beier ceewd hp apisrnaanabem atid smecasescard i | rated load. LW 
< a l St od 5. The chief purpose of th 
Water softener ee at gt steam" } | boilers was to supply steam 


High pressure steam” 


four electric wit 


capacities of 250, 250, 300 and 


generators 





Diagram showing the steam and water 
flow for the air conditioning plant 


To divide the store into these zones was desirable for 
several reasons, It meant that the equipment would be 
small and could be suspended from the ceiling of the 
store to conserve valuable floor space. It pointed toward 
good distribution of the conditioned air throughout the 
conditioned space. It meant that ducts would be small 
and unobtrusive. The decentralization of equipment for 
zones meant that the air to any one section of the build- 
ing would not travel far through the ductwork. 


Preliminary Survey of Existing Plant 


The preliminary survey indicated the following avail- 
able equipment 

1. A ventilating apparatus for the main store first floor and 
basement, with the supply air ducts running through trenches 
beneath the basement floor, rising at the columns to supply the 
basement, and on up at the outside walls of the basement beside 
the show windows to supply air from over these show windows 
to the first floor. 

A ventilating apparatus located in the basement of the 
Carew Tower Annex, supplying air through a system of duct- 
work to the first, second and third floors of this annex. 

(a) Each of the above two sets of apparatus took all outside 
air through heater coils, on through a spray washer and reheater 
coils, and supplied this to the store. For economy in air condi- 
tioning it is desirable to limit the quantity of outside air to that 
required for good ventilation. 5 


9 
~- 


In general, this approximates 25 


per cent of the total air supplied to the conditioned space, or 
about one complete change of outside air in the store every 40 
minutes. 

(b) The air quantities supplied by the ventilating system dif- 
fered from those calculated in the design of the air conditioning 
system. The fans were designed for the low static pressure re- 
quired for ventilating systems, whereas now it was necessary to 
add the additional resistance of filters, cooling coils, sprays, and 
static pressure in the ductwork for high velocity supply air out- 
lets. 

(c) The heating coils and the ductwork were not divided into 
zones in accordance with the new air conditioning requirements. 

(d) The supply air outlets on the ventilating system were not 
designed for cool air distribution. 
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800 kw. The total electric ge: 
erating capacity 1600 kw 
However, it determine 
that the average daily electri 


is 


was 


load for lighting, elevators, and other electrical requirements iv 
The first generator of 
At 8:00 a.m. the 800 kw 
were designed 


the store approximated 1000 kw. 
kw capacity was started at 7:15 a.m. 
unit was added to the line. These 


for inlet steam at 150 lb pressure and exhaust steam at 1 


generators 


back pressure. 

During the summer when exhaust steam was not used 
for hot water and heating appliances, it was wasted to 
the atmosphere. Less than 5 per cent of the total ex 
haust steam was utilized for these purposes. During thx 
wintertime the exhaust steam besides being used to heat 
the water and for appliances, was used to heat the build 
ing. What steam was not required for these purposes 
was wasted to the atmosphere. The average steam ri 
quired for the electric generators was 35 lb per kw out 
put. With 1000 kw average load, this was 35,000 Ib of 1 
lb pressure exhaust steam available to be used for what 
ever purpose it might have in the air conditioning system 

With this basic information available, the design of the 
air conditioning system was started. If it were possible 
to use the 1 Ib pressure exhaust steam to drive the cen 
trifugal refrigeration machine and to drive the condenser 
water and cold water pumps, available energy in this 
steam which otherwise was not used would then be 
utilized. Also, additional electric generating equipment 
which would be required for these motors would not be 
used but would be conserved for other purposes. 


Steam Turbine Drives Compressor 


The refrigeration load for the basement and first thre: 
floors of the store was estimated as 435 tons. It was 
possible to obtain 35 tons of this by well water precoo! 
ing through the main store air conditioning apparatus 
For the remaining 400 tons one centrifugal refrigeration 
machine with a steam turbine drive was installed. Tl 
steam turbine was designed to operate at 1 Ib pressure 
supply steam and 26 in. vacuum pressure gage. This tu: 
bine has a steam rate of 32 Ib of steam per brake hors: 
power hour and requires at maximum load less th: 
14,000 Ib of the available 35,000 Ib per hr. 


In Cincinnati, because the city water temperature ris: s 


Q 
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lop to bottem—Front view of the three 434 hp boilers showing 
the stoker feeds . . . The 400 ton centrifugal compressor with 
its low pressure steam turbine drive . . A 185 hp low pressure 
turbine drives the condenser water pump and the chilled water 
circulating pump (one at either end of the turbine axis) 
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to 85 F during the summertime, and because the city 


water department limits the amount of this water for cor 
denser purposes on large all conditioning installations 
it was desirable not only for these reasons, but from a 
economy standpoint, to install a cooling tower for « 


denser water. A 1600 gpm cooling tower was install 


; 


on the roof of the building and was designed for future 
additions if and when the air conditioning syst 
extended to the upper floors of the stor 

denser water piping between the cooling tower and 


basement apparatus room was installed of sufficient 


to handle the future requirements, which represent: 
increased cost at this time, but a future economy. 7 
condenser water circulating pump requires 124 bhp. 1 
chilled water circulating pump requires 57 bhy | 
horsepower on the condenser water pump was est 

for its future load. Since these two pump motors repr: 


sented considerable horsepower load, and since ther 
considerable exhaust steam still available, we decick 
drive these pumps with steam turbines rather than elk 
tric motors. For economy in steam piping, maintenanc: 
etc., one steam turbine was used to drive both of thes 
pumps, one pump on either end of the turbine axis. 1 
turbine is also operated at 1 Ib pressure steam and 2 
vacuum, and requires 32 lb of steam per brake rse 
power, or a total additional steam requirement of 580! 
lb. This left still available for future use 15,200 I! 
hr of exhaust steam 

The water from the cooling tower passes first thr 
the condenser of the re Irigeration mac hine, thet 
the steam turbine condenser for the drive of the refri 
eration machine, and from this point on back to th 


ition 


for evaporative cooling and recircu 
The 250 gpm well water available is used first 
precooling through the basement and first floor appa 
through extended surface precooling coils his 
passes trom these coils through the steam condenset 


the turbine which drives the cold water and « 


water circulating pumps. From this condenser thx 
water goes to a collecting tank, from whic] nk 90 

Is pumped to the cooling tower for make-up water 

is the maximum quantity that is required ike 
water to the cooling towe1 The remainder of the wel 
water overflows from the tank to the sewer. Becaus: 

a muddy precipitation apparent in the well water wher 


went through the cooling tower and came into conta 
with the air, it was necessary to install some sort 


chemical treatment. This problem has not been entir 


solved but progress 1s being made 


Ducts and Outlets 


| 


\fter the air quantities and tonnages were determine 
and the analysis made to divide the air conditioned space 
into zones, the existing ventilation duct sizes were co 
pared with the duct sizes required. On ducts that wer 
too large, restrictions were used or allowances were mack 
for less static pressure drop. On the ducts which wer 
too small repiacement ducts were installed. On the first 
floor, zone fans were located over the show windows 
the furred space. Reheater coils were installed with eacl 
of these zone fans to give individual zone control wit! 
reheat, both for the summer and for the winter. A r 
heater was also placed in the basement supply duct 1 
zone this space separately from the first floor 








Supply air ducts were run from the zone fans through 
the conditioned space for distribution of the air. These 
ducts were later furred in to blend with the architectural 
design of the building. 

Special slot type ejector outlets were used to distribute 
the air in the main store. In other spaces double deflector 
diffuser type outlets were used for air circulation. Both 
these outlets have the property of mixing the cool air 
coming from the outlet with the room air at the ceiling 
of the room, to allow the air to circulate gently through- 
out the conditioned space. These outlets are a particular 
feature of this system. 

With the proper distribution and balance of the sup- 
ply air, it is not necessary to have an extended return air 
duct system. One main return air duct was used to bring 
the air back from each floor to the apparatus. Shoe 
shelves are built around this duct on the first floor to 
disguise it attractively. 

The second and third floors of the store were divided 
into five zones similar to the first floor, and five com- 
plete sets of apparatus were installed, one for each zone. 
The equipment was situated on the second floor and each 
set supplies air to the respective second and third floor 
zones. The piping supplying the cold water for summer 
cooling is run from the refrigeration machine in the en- 
gine room up to the furred space over the show windows 
on the first floor, and from this space taps are taken up 
to the second floor to supply each set of apparatus. In 
this manner no piping was exposed to the sales area. 


Pneumatic Control 


A complete system of pneumatic temperature control 
equipment is used to operate the dampers and valves to 
regulate the temperatures in the store throughout the 
various seasons of the year. Each system is designed to 
atuttomatically take in 100 per cent outdoor air when this 
air is at such temperature that it can be used to cool the 
store, and thereby economize on the refrigeration load. 

\ dewpoint thermostat operates the outside air maxi 
mum and the return air dampers during this intermediate 
season. During the winter the dewpoint thermostat op- 
erates the steam valve on the second row of preheaters 
to control the dewpoint in the apparatus and to regulate 
the relative humidity of the air. A thermostat in the out 
side air intake operates the first bank of preheaters to 
allow steam to enter this preheater when the outside air 
temperature drops below 35 F, and thereby prevent pos- 
sible freeze-up of the system during the cold winter 
weather. The outside air damper in front of this pre- 
heater is designed to close when the fans are stopped 
and to open when. they are started. The air brought in 
through this portion of the outside air intake is designed 
for good ventilation requirements. Room thermostats 
in the conditioned space operate the reheater valves to 
control the temperature in these spaces. As noted before, 
these are zoned so that an even temperature can be main- 
tained throughout the store regardless of the season of 
the year. The control instruments are set for a comfort 
able differential between the outside air and the inside 
temperature. 

A feature of the air conditioning system is cleanliness. 
Filters are situated in each set of apparatus so that all 
of the air supplied to the store is cleaned. In the main 
sets of apparatus the air passes through a spray where 
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Ducts and grilles blend with the store's architecture 


it is freshened and further cleaned. Less dirt and k 


soilage of merchandise is definitely noticeable. 


Motor Starters 


Magnetic starters are used on all of the fan and pui 
motors. lor convenience in operation there is situat: 
centrally in the basement apparatus room beside the ce: 
trifugal refrigeration machine, a master control pai 
with remote push buttons for motor starters. The entir: 
system including the cooling tower can be started ai 
stopped from this control point. A green pilot lig 
shows on the panel when a particular motor is in ope: 
tion. This panel board affords a quick check on 
operation of the system and is a time-saver to the 
gineer in starting and stopping the equipment. 


Saving by Using Exhaust Steam Turbines 


The refrigeration machine and the cold water and t 
condenser water pump drives comprise the major hors 
power load of the air conditioning system. These ar 
driven by the available 1 lb pressure exhaust steam. | he 
motors on the ventilating fans were already part of th 
store load. So the only additional horsepower requir: 
for the air conditioning system is that for the motors 01 
the zone fans, the spray pumps for the coil and sp: 
type dehumidifiers, and the fans on the cooling towe' 
This additional horsepower load is 142 hp which is 
unusually low figure for an air conditioning installati 
of this size (40% hp beauty parlor; 624% hp cool 
tower; 39 hp main store). With the use of a cooling 
tower and the well water for make-up water, the on! 
cost for condenser water is the cost of the power to dri 
the cooling tower fans and make-up water pump, wl 
motor horsepowers are included above. 

With the use of steam turbine drives operating a! 
vacuum pressure, the exhaust steam which was forme 
wasted to the atmosphere is now condensed and returi 
to the boiler as feed water. This represents an act 
saving of water over previous operation of appr 
mately 20,000 Ib per hr. 

An interesting comparison is that of the cost to oper 
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his system with exhaust steam turbine drives to the cost 
ad motor drives been used. Another interesting com- 
arison in operating cost is the difference between the 
ise of city water for condensing purposes and the use of 
ie cooling tower water. An analysis of operating costs 
n the present boiler plant indicates that steam is being 
produced at 23c per 1000 Ib. With this cost of steam, 
electric current is now generated at the rate of lc per 
kwhr. 

In the Cincinnati area an average summer cooling 
season is 120 days, or approximately 1100 hr. The total 
additional horsepower required for the store by adding 
the air conditioning system, including refrigeration, fans, 
pumps, and cooling tower is 782 hp over and above the 
horsepower previously used on the ventilating system. 
Estimating an average load on the refrigeration machine 
of approximately 60 per cent of full load for the cooling 
season of 1100 hr, the average additional horsepower be 
comes 600 hp. If electric driven equipment were in 
stalled at le per kwhr this operating cost for the cooling 
season would be $613 ) The operating cost for the Sys 
tem as it is now installed is $1400. 

In addition to this saving, there should be credited 
to the system the amount of steam condensate returned 
for boiler feed water, at a cost equivalent to the city 
water rate, which graduated rate places this in the 
bracket of 10c per 1000 gal. Also to be credited to this 
turbine drive system should be the cost of the additional 
electric generating equipment required were motor drives 
used, plus the maintenance on this electric generating 
equipment. 

The steam condensate credit amounts to $330 per 
cooling season. This reduces the above operating cost 
figure from $1400 to $1070 per season. 

Neglecting the cost of the additional electric generating 
equipment (600 kw) we see that by using steam turbine 
drives, the saving in operating costs on this system is 
$5080. If this sum is credited to the operating cost of 
the electric generating equipment, the actual cost for 
this generation is reduced from lc to 34¢ per kwhr. 


Saving with Cooling Tower 


Now let us consider that city water had been used 
for condensing purposes instead of the cooling tower. 
The cooling tower is of 1600 gpm capacity and if city 
water were used approximately this same quantity of 
water would be required. This water not only condenses 
the refrigerant, but also is used to condense the steam 
from the turbine drives. If city water were used this 
water would be automatically throttled under light loads 
and an average of approximately 60 per cent of full load 
requirements could be figured. At 1100 hr per season, 
and 10c per 1000 gpm, the city water costs for the cool- 
ing season would have been approximately $6600. 

The cost of the cooling tower condenser water is the 
cost to drive the cooling tower fans, and make-up water 
pump, or 624% hp. At le per kwhr this cost for the cool- 
ing season is $600. In addition to this cost a deprecia- 
tion value of the cooling tower should be charged against 
the yearly operation of this tower. Based on 15 years’ 
depreciation, approximately $1200 annually should be 
added to the cooling tower water cost. With this charge 
inciuded there is a saving of $4800 in favor of the cool- 
ing tower over the use of city water. 
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From the above figures it can be seen that the actual 
operating costs for the air conditioning syste 
stalled (consisting of 435 tons of refrigeration 
$1070 per cooling season, whereas were motor 
used instead of the turbine drives these costs would have 
run $6150 per cooling season, and were city watet 
instead of cooling tower water, this cost would hav 
$12,750 per cooling season. The comparison of thesé 
figures indicates the interesting and economic value 
the use of steam turbine drive for refrigeration equi 
ment where this power is available and its use advisabl 
and in the use of a cooling tower for condenser wat« 
With the present electric power consumptior 
ous uses in the store. there remains available an add 
tional 15,200 Ib of exhaust steam for 
future refrigeration equipment 


Operating the System 


In an air conditioning installation of this size it is de 
sirable to cool the store in the morning betor 
opened for business. It is desirable to start the air cor 
ditioning system approximately one hour before the stors 
opens. With the use of steam turbine driv 
refrigeration equipment and for the cold water and cor 
denser water circulating pumps, this means that ther 
must be available at this early hour before the stor 
opens sufficient exhaust steam to drive these pieces 
equipment. 

Since the store lights are not used, the elevators ar 
not in use, and other power loads are not required at 
this hour, exhaust steam is not usually available fron 
the electric generating equipment, and some other means 
must be conjured to make this steam available. In 
case it happens that at this time during this early n 
ing brief interval, there is sufficient electric load to sup 
ply ample exhaust steam for the refrigeration machin 


and pump drives, otherwise the additional steam requir 
would have been bled from the high pressure steam lin 


into the low pressure steam supply to the turbine drives 


Advantages of Store Air Conditioning 

This system was installed in the spring of 1937 and 
was in operation during last summer. After a year’s ex 
perience we can think of no changes that could hav 
been made originally which would have improved it, b 
cause it has produced the desired results. It has proved 
most satisfactory both from the standpoint of proper 
installation and type of equipment installed 

We are satisfied that the installation of this air con 
ditioning system has been advisable and in every way 
desirable. Not only has it given our customers the con 
venience and comfort of shopping in a properly con 
trolled temperature, but in a business way the adver 
tising of this system tends to draw more people to the 
store who otherwise might have postponed their shop 
ping trips until after the hot weather. It is an indica 
tion of progress in which the public is always interested 
The salesgirls and the management receive many favo 
able comments, both verbally and written, from apprecia 
tive customers who have been spared from the heat 
of the summer, and who notice the freshness of the air 
the year around. 








How Waterside’s Piping Was Designed 


By W. J. Angus* and C. A. Kelting? 


ECENT installations of 1200-1400 Ib, 900 F top- 
ping turbines with their associated boilers at the 
Waterside Station of the Consolidated Edison 

Co. of New York Inc. presented some interesting prob- 
lems in piping design—particularly in connection with 
the high pressure, high temperature main steam piping 
since materials and joint construction for the other lines 
(with the exception of the boiler feed discharge system ) 
presented no new problems. 

l‘or handling steam at 900 F considerable thought had 
to be given to selection of proper materials to resist the 
effect of high temperatures upon steel. Steels operating 
at this temperature are considered within the plastic 
range and therefore the room temperature physical prop 
erties are no longer solely indicative of their strength 
and their ability to serve well over the expected long time 
periods. 

The matter of piping joint construction was likewise of 
much concern as it was necessary to provide a type of 
joint which would be free from leaks and the usual 
troublesome and costly item of station joint maintenance. 
It requires but little imagination to visualize the situa- 
tion involving great expense resulting from the necessity 
of periodic repairs and renewals to improper joints. 
Costly machine outages very often accompany line joint 
troubles. 

Following the trend at the time the two topping in- 
stallations were planned for on the unit basis. Each top- 
ping turbine operating independently with its respective 
pair of boilers is supplied with high pressure, high tem- 
perature steam through 12 in. pipe lines. cre from each 
of its two boilers. In the case of the first unit, its two 
12 in. lines are joined by means of a spherical mixing 
chamber, Figs. 1 and 2, the 20 in. outlet of which con 
nects to the throttle valve of the machine. For the sec 
ond unit, the two 12 in. lines, are run one from each 
of the unit’s pair of boilers directly to separate connec- 
tions on the machine. 

Both topping machines have their 200 lb steam ex- 
haust connected to the station 200 Ib lower pressure 
main steam system upon which the units are “topped” 
through 24, 20 and 18 in. interconnecting tie lines and 


headers. 
Selecting the Pipe Material 


An extensive investigation was made to determine 
what experience had been gained with steels of various 
kinds. The prevalent general opinion was that car 
bon steel is unsatisfactory for piping service tempera- 
tures in excess of 850 F. The American Tentative Stand- 
ard Code for Pressure Piping, the A.S.M.E. Boiler 
Code and other codes and practice definitely recommend 
a limit of 850 F for carbon steel pipe and piping parts 
for steam power service. Valves and fittings of carbon 
steel, even at the approved adjusted pressure-temperature 


“Assistant Mechanical Plant Engineer, Consolidated Edison Co. of New 


York Inc : ‘ 2 hs : 
TtAssistant Division Engineer, Consoiidated Edison Co. of New York Inc 
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Here’s the story of the design and installation of th: 
high pressure, high temperature steam piping at Con. 
solidated Edison’s Waterside Station. More than a 
description, in it the authors explain the problem and 
the piping requirements, then tell how they were 
worked out, the reasons for selecting the pipe mate- 
rials used, the choice of stress figures, and why weld- 
ing was adopted. ... A second article will describe 
the welding procedure, stress relieving and examina- 
tion of the welds, and the support of the piping 





ratings for the 1500 Ib series, are not acceptable 
1200-1400 Ib, 900 F steam service. Thus, it was neces 
sary to select an alloy steel, and carbon molybdenw 
was chosen as the most suitable. Research on the ma 
terial indicated then as is the generally accepted cor 
sensus today that its physical properties are such as | 
make it suitable for use under high temperatures to 100 
I, Carbon molybdenum alloy steel behaves in many r 
spects like carbon steel, but its qualities greatly exceed 
those of carbon steel at elevated temperatures. 

There is a general feeling that carbon molybdenum stee! 
is as good physically at 900 F as carbon steel is at 750 
F. This leads to the assumption that valves and fittings 
in the dimensions of the 1500 Ib carbon steel series stand 
ards are suitable for 1200-1400 Ib at 900 fF 
in carbon molybdenum steel of the composition given f 


when mace 


this material in the corresponding specifications of tl 
\merican Society for Testing Materials 


Fig. 1—Not a deep sea diver flat on his back, but the spherical 


mixing chamber or header for the steam line of the first unit 
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Choice of Allowable Stress 


In determining the pipe wall thickness as figured 
against bursting due to internal stress, the generally ac 
cepted modified Barlow formula was used, but a suitable 
value for a safe allowable stress had to be selected. 

There is little doubt in the minds of metallurgists and 
engineers that for temperatures below 750 F, which is 
below the poimt where creep is appreciable, the working 
stress of equipment should bear some relation to the 
proportional limit of steel; but especially at temperatures 
above 850 F where most of the steels enter the plastic 
state and cease to be elastic, the maximum pressure on 
equipment must be based upon creep characteristics. 

In this respect the behavior of the material with re 
gard to its ability to resist creep at 900 F had to be con 
sidered. For the %4 per cent molybdenum, 0.10-0.20 per 
cent carbon steel pipe material, it was found that a stress 
of 17,250 lb per sq in. to produce a 1 per cent elonga 
tion in 10,000 hr was a conservative figure. 

Collected data indicated that opinion with regard to a 
safe allowable stress value varied over a range from 
8200 to 13,000 Ib per sq in. After investigation and com 
parison of the properties of carbon molybdenum and 
carbon steel, a value of 10,500 Ib per sq in. was selected 
for an allowable stress value for the 900 F steam piping 
of the first unit. This represented about 60 per cent of 
the creep strength of the material for design and was 
judged to be satisfactory; especially in view of the fact 
that a design pressure of 1400 Ib was used although the 
service pressure was expected to be in the neighborhood 
of 1200 to 1300 Ib. In solving for wall thickness, pipe 
of nominal wall thickness on the plus side was selected 
for the corresponding nominal size from the proper 
schedule number of A.S.A. Standard B36.10-1935 (7c. 
if the wall thickness solved for came between two sched- 
ule thicknesses, the heavier schedule was chosen. ) 

Since the beginning of this work considerable interest 
and study of the problem has been in progress, and at 
the present time with revisions being made to the Amer- 
ican Tentative Standard Code for Pressure Piping, the 
A.S.M.E. Boiler Code, and others, the boiler code com- 
mittee has under way tentative revisions to its Table P-8 
on allowable stresses for ferrous materials at various tem 
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Fig. 2—-The spherical header installed, the 


20 in. outlet connecting to the throttle valve 





veratures \ value of 10,000 lb per s 
| | 


is proposed for carbon molybdenum al 
steel pipe at 900 F in this table 
for this lower value as compared with 10,500 
Ib per sq in. can be justified presumably by) 


lhe reasol 


the fact that when the American Society 


Testing Materials withdrew carbon molyb«d 
num steel pipe grade P-1 from its specifi 
tion A158 and wrote it into a separate spe 
\206 alone, the mills objected 1 
minimum tensile value of 60,000 Ib per sq 
\158 was the basis 


on our first unit main steam pip materi 


fication 





Specification purchase 








The tensile value for carbon molybdenum piyx 
was reduced to 55,000 Ib per sq in. minimuw 
in the new specification although it ts_ stil 
possible to get 60,000 Ib tensile pip Niall 
reports on our first unit pipe material a 
result of tests showed in the neighborhood of 62,000 


per sq mn. tensile strength 


Calculations for Wall Thickness 


In our calculations for wall thickness for the 12 u 


nominal pipe size, the minimum required thickness 
found to come between Schedules 120 and 140, whicl 
were presumed to be standard rolled mill sizes. There 
fore, from an economic point of view and on the sid 
of safety, Schedule 140 was selected: this gave a wall 
thickness of 1.125 in. A recalculation based upon this 
wall thickness and using the same 1400 Ib per sq in. ce 
sign pressure resulted in an allowable stress value 
9940 Ib per sq in. as figured against bursting due to 
ternal pressure. This figure is even more in 
that proposed at present by the Boiler Cod 
For the first unit, the main steam high pressure, hig 
temperature pipe was specified and furnished where r 
quired in sizes of 8 to 12 in. inclusive in accordance wit 


| 


Schedule 140 while sizes under & in. followed Schedulk 
160. The supplementary requirements of the A.S.T.M 
specification were called for on the ordet 

For the second unit, which was placed in opet 
June 29, 1938, main steam lines of carbon molybdenu 
steel in accordance with Schedule 160, having a heavier 
wall than was used for the 12 in. size of the first 
were specified. This was done in compliance with a1 
effort on the part of the prime movers committec 


+} ; 
rit siee 


Edison Electric Institute in conjunction wit! 
mills to standardize on a schedule for carbon molybdenu 
pipe for high temperature steam service. Industry ex 
pected in doing this that the product may be rolled 

quantity by the mills and placed in their stock for bett 
deliveries. Since numerous installations were being made 
calling for this grade of pipe, and to prevent the mills 
having to roll and stock quantities in all sizes and sched 
ules to care for intermediate services and varied opinions 
it was established to set up two groups; one for service 

at 900 Ib per sq in. and 900 F following Schedule 120 in 
1400 Ib 
per sq in. and 950 I following Schedule 160. Our ser) 


ice of 1200-1400 Ib and 900 F, falling somewhat bet ween 


the larger sizes and the other for services at 














these two groups but closer to the second, necessitated 
our selecting the latter classification. 

The spherical mixing chamber on the main steam lines 
for the first unit was forged in two halves from carbon 
molybdenum alloy steel plate and welded together. The 
design and fabrication was in accordance with the rules 
of the A.S.M.E. Code for Unfired Pressure Vessels. It 
has forged carbon molybdenum steel nozzles welded on 
for pipe and throttle connections with the proper rein- 
forcement for structural design in accordance with the 
? 


code. Fig. 1 shows this sphere as constructed and Fig. 2 


shows it erected in position under the turbine. 


The Boiler Feed Discharge System 


The boiler feed discharge system was given special 
consideration. Although the pressure on the lines for 
this service is high—1675 to 1800 lb per sq in.—the 
temperature is relatively low, 376 to 400 F. Carbon 
steel was consequently selected. Due to the severity and 
importance of the service, however, a very good grade 
of pipe was desired and therefore Grade B seamless 
carbon steel pipe of A.S.T.M specification A106-36 was 
chosen, and the supplementary requirements of that 
specification for sizes 6 in. and larger were called for in 
order to insure better quality. The carbon content, how- 
ever, was limited to a maximum of 0.35 per cent to per- 
nit welding. 


Why Welding Was Decided Upon 


Of great concern aside from the choice of piping ma- 
terials was the matter of deciding upon the type of joint 
construction for high pressure, high temperature service. 
\Ithough various flanged joint designs appeared feasible, 
the matter of bolting material presented a troublesome 
problem. Because piping joints are insulated, the bolting 
is put under temperatures very near those of the line 
itself. If there is any part of the piping system likely to 
he affected by creep to such an extent as to give trouble, 
it is generally felt that bolting is that part. 

(Incidentally, the prime movers committee of the E.E. 
I., with the cooperation of a number of central stations 
using high temperature steam piping, has established a 
systematic procedure for taking periodic measurements 
of diameters and longitudinal lengths of pipe in the line 
to determine whether high temperature produces any 
appreciable effect upon size or shape. There is some 
opinion that these measurements will not reveal any 
changes since due to heavy walls and the service pres- 
sures involved, stresses are relatively low for producing 
creep * 

The effect of creep manifests itself in bolting under 
high temperatures as the loading is more comparable to 
that which tends to produce creep. Here especially, it 
is necessary that suitable alloy steel material be used, 
the requisite qualities being that the material possess sta- 
bility of structure and good creep resistance under high 
temperatures. 

Bolting is customarily drawn up to give compression 
on the gasket or ground and lapped flange facings of 
about 16 times the working pressure of the line to insure 
a tight joint. Frequently, if a joint has been pulled up 
cold to produce about 30,000 Ib per sq in. stress in each 
bolt, it has been found necessary to follow this up while 
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hot to take care of initial expansion of the bolting mat 
rial. After a long period under high service temperatu: 
the load on the bolting may continue to decrease. T! 
effect would be produced by creep if the bolt materi: 
influenced by temperature, is subject to an undesiral 
metal structure change. 

This so-called relaxation of the bolting, if the n 
terial is poor, results in a decrease in gasket pressure 
which gives rise to a leaky joint. Repeated pulling up 
joints, necessitating removal and replacement of insu! 
tion as well as possible repairs and renewals due to d 
struction of joint faces caused by the cutting action 
leaks, runs the maintenance costs excessively high. T! 
prompted the decision in favor of a full strength weld 
line joint to assure continued service without troub! 
Oil service lines for both units were all welded to gua: 
against hazardous conditions. 

Certain joints—such as the connections of the stea 
non-return stop and check valves to the boilers, the boile: 
feed discharge system connections at the pumps and 
the economizer connections of the boilers—were n 
welded. Flanged joints of the sarlun type with grow 
and hand lapped faces and without gaskets were used i: 
these places, and it was therefore necessary to investigat: 
bolting material for them—especially for the 900 F stea: 
connections. 

lor this high temperature service, bol: studs of chrom« 
molybdenum alloy steel fitted with 0.40-0.55 per cent 
carbon steel, oil quenched and tempered hexagon nuts 
were decided upon. From a study of the properties 
this chrome molybdenum material as compared wit! 
other commercial steels for the service, it is expected that 
its high creep resistance and structural stability at 900 F 
will eliminate the necessity for pulling up the joint after 
being placed in service once the joint has been pulled up 
cold with a stress of from 30,000 to 45,000 Ib per sq it 
in each bolt. Laboratory tests have indicated that th 
relaxation of this material produced during the init 
temperature operation of the bolting does not progress 
far enough to reduce gasket or flange face bearing pres 
sure to the point of joint leak, and furthermore suc! 
relaxation does not continue after the initial amount 
has been produced. 

These bolts on the first installation were pulled wy 
cold to about 35,000 Ib per sq in. stress as calculated by 
micrometer caliper measurements on the stretch of th 
studs. After almost a year’s operation, no further pulling 
up has been found necessary. 

{A second article will describe the welding procedure, stress 
relieving, support of the piping, and examination of the welds 





Data on Fans Available 


The second edition of “Standard Methods Adopt 
for Centrifugal Fans and Blowers” is available for dis 
tribution, the National Association of Fan Manui: 
turers, 5-208 General Motors Bldg., Detroit, Mich. has 
announced. The subjects covered in this latest issue a’ 
no different from those of the first edition, but the n 
terial has been re-arranged and the comparison charts 
for various types of fans have been enlarged to ma 
them more helpful to engineers, architects, and buyers 
of fan equipment. 


Heatine, Pieinc anp Am Conprrientnc, Aucust, 1°) 








Intermittent Heating of Buildings 


A Study of the Fundamentals 


N DESIGNING the heating system for a building, 

it is customary to determine the maximum rate of 

heat loss of the building when certain required 
interior conditions are maintained while certain assumed 
exterior conditions prevail. If the building 1s to be 
heated continuously, the heating system is designed so 
that it can supply heat to the building at a rate equal 
to or slightly higher than the calculated maximum rate 
of heat loss of the building. 

If the building is to be heated intermittently, it is 
customary to equip it with a heating system having a 
capacity for supplying heat at a rate which is higher, 
by a certain assumed percentage, than the calculated 
maximum rate of heat loss. The percentage added in 
this case depends upon the judgment of the designing 
engineer. The /eating, lentilating, Aw Conditioning 
Guide suggests that from 50 to 150 per cent of the 
normal heat loss of a building will be required to raise 
the temperature of the building to 60 F, from an initial 
condition of about O F, and that it is necessary to pro 
vide such additional capacity if a cold building is to be 
heated up in a reasonable length of time. Leading Amer- 
ican textbooks suggest additions ranging from 10 to 50 
per cent of the normal heat loss, depending upon the 
type of intermittent heating and the method of operating 
the heating system. 

If the annual cost of heating systems installed in new 
buildings in the United States is estimated at 
$100,000,000, the percentage added to provide for the 
additional load due to intermittent heating may be esti- 
mated at from $5,000,000 to $25,000,000. The amount 
of this indefinite percentage which 1s added to the cal 
culated capacities of heating systems is therefore of suf- 
ficient magnitude to justify careful studies of intermit 
tent heating. Such studies should make possible fairly 
accurate determinations of the percentages to be added 
and thereby effect a material national economy. 

It is evident that the percentage to be added should 
increase with the time intervening between successive 
heating periods. For example, in a school building in 
which the heating is interrupted for a period of from 
2 to 2% days, a larger percentage should be added than 
for an office building in 
which the heating is in- 
terrupted for only a few 





hours during any one day. 
For church buildings, in 
which the heating period 
may be interrupted for pe- 
nods varying from 3 to 6 
days, a still larger per- 
centage should be added. 


mittently ? 


"Director, Texas Engineering Ex 
periment Station, A. & M. College 
Texas. 


By F. E. Giesecke* 


How much additional heating plant capacity should 
be provided when a building is to be heated inter- 
Suggested percentages vary over a wide 
range, for little information on how much extra 
capacity is actually needed is available. . . . Dr. 
Giesecke believes the indefinite percentages which 
are now used are of sufficient magnitude to justify 
careful studies of intermittent heating. 
he analyzes the fundamentals of the problem here 


Cooling Between Heating Periods 
To make a rational estimate of the required per 
centage, it is necessary to determine the cooling whic! 
takes place in a building between heating periods and 
the rate at which the building can be heated after it has 
been allowed to cool. Both facts can be determin d only 
approximately because they depend upon varying ex 
terior conditions—temperature, wind, and sunshine 
and upon varying types of building constructior ine 


therefore not possible and not 


fined calculations are 
justified, 

To study the cooling of a building, consider the one 
room structure shown in Figs. 1, 2, and 3, and assum 
that it was heated until a steady state was attained whet 
the indoor temperature was 70 F and the outdoor ten 
perature 20 F. The building is assumed to have 12 in 
brick walls with % in. plaster, a concrete floor 6 i 
thick, a concrete ceiling 3 in. thick, and an uninsulated 


| 


wooden roof covered with shingles Assume that th 
heating is suddenly discontinued and the building allowed 
to cool while the average outdoor temperature remains 
constant at 20 F. Study the flow of heat from th 
building to the exterior and calculate the temperatures 
of the several parts of the building and record them on 
sketches as shown in Fig. 4 (4, B, C, and D) when 
the interior air temperature is, respectively, 70, 60, 50 
and 40 F 
ature has fallen to 50 F, 
be as follows: Space below floor, 45.8 F. Attic space 
35 F. Brick wall above floor, 32.7 | Brick wall below 
floor, 31 F. Floor. 47.9 I} Ceiling, 42.5 | Root 
25.7 F. Calculate the weights of the several parts of the 


building and the quantities of heat above the assumed 


or example, when the interior air tempet 
the average temperatures will 


outdoor temperature stored in them, and record thes 
quantities as shown in Table 1. 

It appears from Table 1 that the quantity of heat lost 
by the building is 381,800 Btu for each of the three 
cooling periods (from 70 to 60, from 60 to 50, and from 
50 to 40 F). To secure a better picture of this cooling 
process, plot the data of Table 1 in a diagram such as is 
shown in Fig. 6 

It appears from this 
he 


; 


diagram that the a 





stored in the several parts 
of the building varies di 
rectly as the difference 
between the temperature 
under 
20 F. and that it is suffi 


cient to calculate the heat 


consideration ard 


stored at some one tem 


As a start, perature preterably the 


maximum temperature 


under consideration. Thi 
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varies direct 
as the tempe 
ature diff 


ence, and it 
sufficient 
calculate t| 
heat loss 
one 
ture 
preferab 


temper 
differet 


the maximu 
difference, ‘J 


losses for oth: 





temperatu: 
differenc: 
may be fow 
graphically, 

shown in Fix 
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Having <i 
termined t| 
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successive rates 








FIG 3 








Figs. 1, 2, and 3 


heat stored at other temperatures can then be deter- 
mined graphically by means of a diagram like that of 
lig. 6. 

It also appears from Fig. 6 that the quantity of heat 
stored in the air within the building is so small that it 
may be neglected, arid that in many cases the quantity 
of heat stored in the furniture in a building is so small 
that it may also be neglected. 


Rates of Heat Loss 


Having determined the quantities of heat stored in 
the building at successive intervals during the cooling 
process, and the respective differences between those 
quantities, which, in the present case, are 381,800 each, 
the next step is to calculate the rates at which the build- 
ing loses heat during the respective intervals. This is done 
in the usual manner, and the values recorded as shown 
in Table 2, and for convenience of study also in Fig. 5. 
It appears from Fig. 5 that the rate of heat loss also 


Table 1—Quantity.of Heat, Btu above 20 F, Stored in Building 


ed | | 





Indoor Air Temperature 70 60 50 40 
Air in Building 13,200 10,600 7,900 5,300 
Furniture 7 Vand 34,600 27,600 | 20,700 13,800 
Brick ‘Wall Above Floor 743,100 595,400 445,300 298,100 
Brick Wall Below Floor 125,300 100,000 75,400 50,000 
Floor _ toast 641,000 | 512,300 385,200 256,000 
Ceiling 12 258,000 | 207,000 | 155,000} 103,800 
Root 96,000 76,500 | 58,100 | 38,800 
Total 1,911,200 | 1,529,400 | 1,147,600 | 765,800 
Differences ~ 381,800 381,800 — 381,800 








of heat loss, 
may lx 





FIG. 4 


they 





A small building designed for use in a study of intermittent heating. . . . Fig. 4—The vary- 
ing temperatures in different parts of the building as the temperature of the building, or rather that of the 
air within the building, is lowered from 70 to 40 F 


plotted in a 
diagram as 
shown in Fig 
7, in which the 
four ordinates 
represent the rates of heat loss when the respective i1 
door temperatures are 70, 60, 50, and 40 F. The dis 
tances x, y, and zs, between the ordinates, represent the 
successive periods in hours required for cooling, and t 
successive areas of the three trapezoids represent 
losses of heat during these three periods. The values 
x, FV, 
and 11.9 hr. 
constructed in which the values of .r, y, and s from Fig 


and ¢ can then be easily calculated to be 6.6, 8.5 


Having found these values, Fig. 8 can 


/ are set off to scale. From Fig. 8, it is easy to find t! 
temperature to which the building will cool in a give: 
time, or to find the time in which a building will cool t 
a given temperature. 


Formula for Cooling Time 


The method just described to determine the data ne 
essary to construct the curve of Fig. 8 is simple and 
direct, and easy to understand, but somewhat tedious 
The same data can be more easily and accurately cal 
culated by Equation 1, 


Table 2—Rate of Heat Loss, Btu per Hr, of the Building 
Indoor Air Temperature 70 | 60 50 40 
Walls 23,000 18,400 13,800 9,201 
Windows 13,500 10,800 8,100 | 540 
Floor ' 3,900 3,100 2,300 1,60 
Ceiling | 16,300 | 13,100 | 9,800 | 6,50 
Air Changes 8000 cfh | 7,300 5,800 4400 | 2,90 
ee ara | 64,000 51,200 38,400 25,60 
Differences 12,800 12,800 12,800 





Heatinc, Pipinc anp Am Conpririonine, Aucust, 19 








h to— te 
# = — In ——............ Ay OR 
l t—t, 
iere 
x = the required time of cooling, hours; 
h = the heat stored in the building and its contents, Btu 


per F; 
1 =the heat loss of the building in Btu per hr per F ; 
In = natural logarithm 
t. = the initial indoor air temperature, F ; 
t =the final indoor air temperature, F ; 
t, = the average outdoor air temperature, F. 


To apply the formula, note from Table 1 that h, the 





Raume” published in 


Anheizen und Abkiihlen 
Wdarme, October 17, 1931. 


lating to Equation 1 and add thereto S, the heat sup 


grosset 
We will use the notation re« 
plied to the building by the heating system, Btu pet 
and let x, heating and 
cooling. 
Since the heat supplied to the building by the heatin 


represent the time required for 


system in any interval of time, dv, is used to replace th 
heat loss by the building during that interval of time 
and the excess, if any, is consumed in raising the tem 


perature of the building and its contents, we have 













heat stored in the building and its contents, is 38,180 Sda (t t,.) dx +hd 
Btu per F; this means that if the temperatures of the h dt 
building and its contents are lowered so that the average aR" - 
. . . . bd 
indoor air temperature is lowered one degree, the build dt 
ing will lose 38,180 Btu. Similarly, if the temperatures h \ ' 
of the building and its contents are to be raised so that ‘ 
the average indoor air temperature is raised one degree, lf we place $ It, m, we have 
38,180 Btu must be supplied to the building by the ; at 
heating system. tak ce 
Note from Table 2 that /, the heat loss of the building i 
for one degree difference between the temperature of lf we place n lt vy. we have di n 
the indoor and that of the outdoor air, is 1,280 Btu. 
Note also (from the preceding discussion ) that the initial h ay 
indoor air temperature is 70, the average outdoor air ' 
temperature is 20, and the final indoor air temperatures 
. - . : , - If we replace the terms for which substitutions wer 
are, respectively, 60, 50, and 40 F. Substituting thes« 
: . a3 , made above and rearrange them, we have 
values in Equation 1, we have successively : ; 
1 In |S l(t t) 
l 
38,180 70 20 ; a ot ih , , 
‘= — In 29.8 & 0.223 6.6 hr lo find the value of C, we know that / t, when 
1,280 60 — 20 r O, and we have: 
hh 
( In 1S itt ) is 
38,180 70 20 
r— ———- In - — 29.8 0.513 15.3 hr 
1,280 50 — 20 ; vor —> “ 
By substituting this value of C in [:quation 7 and 
simplifying, we have 
38,180 70 20 h S lat t 
— —_—- In — - 29.8 0.916 = 27.2 hr " In ’ 
1,280 40 20) , lit 
These values 
check well with \ 
those previously wy 
determined and 7o— x 
represented in < Re SR 
Fig, 8 | heat 5 RR vs oe \ 
g. Je CO ‘ 4 | . i | \ 
& s4— - | ale 
Time to Heat SS J | \ 
a Buildi 5; 5 re) s 20 25 30 HOURS \ 
ee FIG 8 ‘RATE OF COOLING \ 
Y ‘ 
A similar ns Pp 
method may be | P® a \ 
~ y Y i 
used to calculate ad 8 gy Dd Cf . 
t h t : 9 > : f | : 
e tim - 
. e re Q q z & 8 8 
quired to heat a > e- Que ° 
buildi To ex- 3 
a - Pc ve 3 2800 7 
jain this in de- 1 ) . 
i . e a / | i K | ed * 
tail, we will ap- eS ee es Se Ee 
¥ i | | ~*~ ¥ aa ae: “1 
ply the method Ps Se Se BS Soe Sy 29° gh) Ph _) 
% sO 40 7 60° 5O 








70 —«SO 300 
FIGS RATE OF LOSS OF HEAT 


described by H. 
Hohme in an 
article entitled 
“Temperatur- 
verlauf beim 
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Fig. 5—Rate of loss of heat of the building when the average outdoor temperature is 20 F. . . Fig. 6 
tity of heat, above 20 F, stored in the building and its contents for various indoor air temperatures. . . . 
Figs. 7 and 8—Rate of cooling of the building when the average outdoor temperature is 20 F 


FIG 7 RATE OF COOLING 


7 ~=—S«3O 50 40 30 
FIG 6 QUANTITY OF HEAT STORED 


Quan- 





If the heating of the building is discontinued, the term 
S in Equation 9 becomes zero and that equation reduces 


to the form shown in Equation 1. To apply Equation 9 
to calculate the time required to heat a building, it is 
necessary only to substitute appropriate values and to 
solve for x. 

For example, let us assume that the building under 
consideration has been allowed to cool to 50, that the 
average outdoor air temperature is 20, that the heating 
system has an excess capacity of 25 per cent, i. ¢., that 
its capacity is 64,000 + 16,000 or 80,000, and that it 
is required to find the time necessary to heat the build- 
ing to 70 F. Substituting in Equation 9 we have 


38,180 80,000 — 1280 (50 20) 
A in ———_— a 
1,280 80,000 — 1280 (70 — 20) 


= 29.8 In 2.6 = 28.5 hr 

However, if the heating system had an excess capacity 
of 100 per cent, #. ¢., 128,000 Btu, the required time to 
heat from 50 to 70 would be only 10 hr. 

-quations 1 and 9 may be used to construct diagrams 
from which data regarding cooling-down and heating-up 
may easily be obtained for the particular building for 
which the diagram was designed. For example, for the 
small building of Fig. 1, Fig. 9 shows that when the 
average outdoor temperature is 30, the building will 
cool from 70 to 50 in about 21 hr, and that the same 
degree of cooling would require about 33 hr if the 
average outdoor temperature were 40, For outdoor tem- 
peratures differing from those shown in Fig. 9, it is 
comparatively easy to interpolate with sufficient ac 
curacy. 

Similarly, it appears from Fig. 10 that with a heating 
system having an excess capacity of 50 per cent, or a 
total capacity of 96,000 Btu per hr, it will require about 
14 hr to heat from 50 to 70 when the average outdoor 
temperature is 30, and about 18 hr when the average 
outdoor temperature is 20. 


Continuous or Intermittent Heating? 


In all heating installations it is important to know 
whether it is more economical to heat continuously 
24 hr every day—or intermittently, say, 20 or 16 or 12 
This problem can be studied nicely with the 
For example, 


hr a day. 
aid of the diagrams of Figs. 9 and 10. 
let us assume that the small building under considera- 
tion is a school, in which a 70 F indoor temperature is 
to be maintained from 8 a.m. to 5 p.m., and that heating 
Let us find when heating 


can be discontinued at 5 p.m. 





°o 6 2 «8 24 30 36 42 48 


Fig. 9—Cooling-down periods of the building, in hours, for 
various outdoor temperatures 




















must be resumed if the 7” >A 
average outdoor temper- T —+ 8 90-7 
ature is 20, 30, or 40 and 60 Shy tT 
if the available heating ' WZEa t 
system has a capacity of s50}——- hy ae Gann oe | 
96,000 Btu per hr. To | = eee 
find the answer, con- 494— +1 4 | 
struct a diagram as | | 
. Mo ‘ | | 
shown in Fig. 11 and sok z “3 


apply the tf, = 20 or 30 
or 40 curve from Fig. 9, 
so as to begin at 5 p.m. 
and the ft, 20 or 30 or 
40 curve from Fig. 10, 
so as to end at 8 a.m. 
The _ intersections of 
these curves show the times—about 10:45, or 12:45, 
2 :-45—when heating must be resumed in the three cas 
respectively. They also show that the building will h: 
cooled to about 61 F in each of the three cases. 


Fig. 10—Heating-up periods 

the building, in hours, for vario, 

outdoor temperatures, and for 

heating system supplying 96,0) 
Btu per hr 


To determine the economy of interrupting the ly 
ing, when the outdoor temperature is 20 F, for the 5.7 
hr period, from 5 p. m. until 10:45 p. m., note that sir 
the heat loss of the building is 1,280 Btu per hr pet 
and since the difference between indoor and outd 
temperatures is assumed 70— 20, or 50 deg, the he 
which would have been supplied to the building { 
5 p. m. to 8 a. m. for continuous heating would hay 
been 15 & 50 & 1,280 or 960,000 Btu. Note also tl 
with intermittent heating no heat would have been sw 
plied from 5 p. m. until 10:45 p. m., and that from 10:45 
p.m. until 8 a. m., for a period of 9.25 hr, heat woul 
have been supplied at the rate of 96,000 Btu per hr, 

a total of 888,000 Btu, thereby effecting an economy 
960,000 — 888,000, or 72,000 Btu per day. If he 
costs 50 cents per 1,000,000 Btu, a daily saving of 72,00! 
Btu is equivalent to a daily saving of 3.6 cents. 


y 
i 


Similar calculations for the two cases when the 
door temperature is 30 or 40 show that, in those cas 
the saving is also 72,000 Btu per day. It may sec 
strange that the saving should be practically the sai 
in each of the three cases; that this is true is show! 
the following reasoning : 

\s the building cools below 70, the heat loss is 
duced in proportion to the cooling. The total heat sav 
in each of the three cases, is equal to the area of one 
the three triangles a b c of Fig. 11—in degree-hours 
multiplied by 1,280, the heat loss of the building pet 
degree-hour. Since the three triangles have a commot 
base a b, and since their altitudes are about equal ai 
their sides very similar, their areas are approximat 
equal and, therefore, the saving due to intermittent heat 
ing 1s approximately equal. 

However, although the absolute saving is practica 
independent of the outdoor temperature, the percenta 
saving increases as the outdoor temperature rises, 
is about 4.7, 5.9, and 7.8 per cent when the outd 
temperature is 20, 30, and 40 F, respectively. 

If it costs more to produce heat at the higher 1 
necessary during the heating-up period of intermitten' 
heating than it costs at the lower rate sufficient for c 
tinuous heating, the resulting increased cost must 
deducted from the saving calculated above to secure | 
net saving resulting from intermittent heating. 
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Fig. 11- Graphical method of determining the time when heating 
must be resumed in a building which is heated intermittently 


For example, in a small heating system the efficiency 
may be reduced when the system is operated above its 
normal capacity, and in a large central heating system, 
extracted steam may be available in sufficient quantity 
to carry the steady heating load of continuous heating, 
whereas it may be necessary to use high pressure steam 
during the heating-up period of intermittent heating, and 
this high pressure steam may cost more than the ex 
tracted steam. 


Heat Loss When Building Cools 1 F 


The two principal difficulties with the method d 
scribed above for calculating the time required for cool 
ing and heating are first, to determine the average out 
door temperature during the cooling and heating period, 
and, second, to determine the value of / in Equations | 
and 9; that is, the quantity of heat which the building 
and its contents lose when the average indoor air tem 
perature is lowered one degree, or the quantity of heat 
which must be supplied to the building and its contents 
when the average indoor air temperature is raised one 
degree. This quantity of heat can be determined fairl) 
accurately if it is assumed that the temperature gradient 
through the walls, floor, ceiling, and roof can be repre 
sented by a straight line during the cooling and heating 
periods, as it can be when the heating process has 
attained a steady state. 

This was done for the construction of Fig. 4 (4, B, 
C,and D). A study of this figure shows that when the 
huilding—+.e., the indoor air—cools one degree, the mass 
of the building cools less than one degree. For example, 
it appears from Fig. 4 (4 and D) that when the tem 
perature of the indoor air lowers from 70 to 40, or 30 
deg, the average temperatures of the elements of the 
building lower as follows: Exterior walls above floor, 
from 41.2 to 28.5, or 12.7 or 42 per cent of 30 deg. Ceil- 
ing, from 57.5 to 35, or 22.5 or 75 per cent. 


Roof, from 
29.4 to 23.8, or 5.6 or 19 per cent. Floor, from 66.5 to 
38.6 or 27.9 or 93 per cent. Exterior wall below floor, 
from 38.3 to 27.3, or 11.0 or 37 per cent. 

Consequently, in calculating the heat dissipated by a 
building while it is cooling one degree, it is necessary 
to use only certain percentages of the several parts of 
the building, as indicated above. This is illustrated in 
the calculations shown in Table 3, which apply to the 
building under consideration. 

Interior walls, and floors between successive stories, 
dissipate their heat during the cooling period to the ex- 
terior walls and/or to the roof, partly by air convection 
currents and partly by radiation. The percentages of 
their masses which should be used in heat loss calcula- 


Hearine, Purine anp Am Conpiriontinc, Aucust, 1938 


tions will vary from building to buildin 
percentages have been calculated, it may be satisfact 
to assume SO per cent for these elements 
In addition to 


weights of the several parts of the building to be us« 


determining the percentages « the 


in calculating the value of h, it is also necessary to take 
into account the time lag that exists when the temper 
For exampl iw. 12 


ature of the building changes 


shows how the temperature gradient must be repre 
sented by a series of curved lines as the indoor tempet 
ature gradually falls from 70 to 40 F, and that cor 
quently the 42 per cent shown above is slightly too hig 


When the indoor temperature has fallen to 40, as show: 


Table 3 


‘ PEt r 
PART B IN \\ 1 t'« \ 
Exte 
175.000 12 7 
{ Moot 7 mi) 
kR 19.800 1” 70 
Fl 60000 ) ‘ iv s4 
Ex 
ooo 7 ] ' ; 
A) 1.200 lOO 0 
} ooo oo st 4 
in Fig. 12, and is then held at 40, the temper 
gradient will change gradually and approach closet 
closer to the straight line shown in Fig. 4 Durn 
this px riod the excess heat stored in the central port 
of the wall is gradually conducted toward the outet 
faces \ similar condition exists during the heating-uy 
period. 
With imterior walls and with floors 
in buildings of several stories, th apie 
time lag is of stull greater influenc =| 
The estimate of 80 per cent suggested so 
above for such walls and floors is aint 
only approximate. Expermental ce wir we 
terminations of the influence of th : 
heat storage capacity of interior walls ~- | 26st 
and floors on the rates of cooling : 
down and of heating-up of buildings 
will be of great value and are neces 
sary to provide data for more accu Fig. 12 Variation 


possible of the temperature 


gradient in the out- 
side wall of the 
building shown in 


» 


Figs. im and } 


rate calculations than are 
now. 

The flow of heat in and through 
floors has an 


walls and important 


hearing ti lax and d as the _ building 
" eal fg On hie av ar cadeserves oa, toa TO on 
careful study 1 I 





Check Charts for 


Air Conditioning Calculations 





By J. M. Dean* 
A GENERAL introduction to this set of charts wa 
given in the May issue of H.P.&A.t 
Charts 5 and 6 are published on the next page. Chart 
5 is for checking sensible and latent heat of occupants 
heat load due to lights, fan motor and duct gains, and 
converting cfm and cfh. Chart 6 is for determining cin 


requirements. 


“Air Conditioning Engineer, Des Moines Elect Light ¢ \ 
reserved 
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N the May and June issues, tables were presented 
and their use explained—for computing the solar 
heat gains through walls, roofs, and windows. Last 
onth, discussion was started of the theory underlying 
the subject of solar heat gains and the methods used in 
preparing the tables previously published. This discus 
sion is continued this month. 


Maximum Solar Energy Falling on a Black Surface 


Measurements of the amount of solar energy (/,)7 
falling on a black surface perpendicular to the rays of 
the sun have been made by the weather bureau and by 
the A.S.H.V.E. 


of course, be based on the very maximum recorded as 


laboratory. Computations should not, 
such a maximum occurs rarely and when it does, is 
of only short duration \ curve of values recommended 
for actual use is given on p. 150 of the Heating, Venti 
1938. 


in the preparation of Tables 1-8 were read from this 


lating, Air Conditioning Guide, The values used 
curve and are given in Table 10. 

The amount of heat falling on a black perpendicular 
surface varies with the time of day because of the vari 
ation in the length of the path of the rays of the sun 
through the atmosphere surrounding 
the earth 


Table 10—Solar The amount of solar energy 


Heat Falling on 

a Surface Nor- 

mal to the Sun, 
Btu per Hr 


reaching the surface of the earth is 
less than the amount reaching the 
stratosphere. As the rays travel 


through the atmosphere surrounding 


rime Tine the earth, much of their energy is ab 
am. | Ip P.M : : 

| sorbed by the dust and water vapor 

6 60 6 4 . T 
7 | 175 suspended in the atmosphere. The 
> last 3 amount absorbed—or the atmospheri: 
in| 2 depletion, as it is known—depends 
2 | 310) 12 upon the length of the path that the 
rays of the sun follow to reach a par 
ticular point on the surface of the 
earth. As can be seen in Fig. 5, the length of this path 


is shortest at noon and longest in early morning and 
late afternoon. 

Although the values of /, listed in Table 10 were 
measured in a latitude of 40 deg north, these values 
were also used in computing the solar heat gain for 
latitudes down to zero degrees. As /, is a quantity that 
varies widely and erratically, the judgment of the experi- 
menter enters to some extent in selecting the values to 
he recommended for design purposes. In view of this, 
it is probable that the use of the values in Table 10 is 
also satisfactory for the lower latitudes. 


Theory of Solar Heat Gains Through Bare Glass 


lhe values of /,, obtained by means of Equation 3 are 
not the quantities of solar heat transmitted into the 


; "The Trane Co 
Part 4. Part was published in Heatinc, Pretnc anp Air Conpttion 

; May, 1938, pp. 315 318; Part 2 in June, pp. 391-394; and Part 3 in 

July, pp. 445-447 

‘See list of symbols on p. 446, July issue 

Copyright, 1938, by William Goodman 


Member of Board of Consulting and Contributing 
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Figuring Solar Heat Gains of Buildings 


By William Goodman* 


room: these values are only the amount of solar heat tall 
ing on the outside of each square toot ol glass . 
amount of heat transmitted through a glass surface 
1 room is always less than the amount impinging 
the exterior side of the glass 

Part of the 
light falling 
ona glass 
surface is re 
flected, part is 
transmitted 
through the 
glass, and 
part is ab 
sorbed by the 
y lass itself 
Che amount 
transmitted 





depends upon 


the angle of 


Fig. 5—The length of the path of the rays 
, of the sun through the atmosphere of the 
Che large earth is longer in the early morning ot 
the angle of late afternoon than at noon 


incidences 


incidence, 
hol 
| 


the smaller will be the amount of 


‘ enceTyvy ibsorbed 


the larger the amount reflected | 

by the glass itself is always small 

angle of incidence. 
These statements are illustrated in Fig. 6 tor singk 


and for double glass (two separate, parallel thicknesses 


of glass). Notice that the maximum amount of energy 
is transmitted when the ray of light is perpendicular 

the glass surface—that is, the angle of incidence 1s zer 
Particularly interesting is the fact that the amount 

energy transmitted through glass is practically constant 
and equal to the maximum amount for all angles of i 
larger angles, th 


rapidly, whet 


cidence up to about 45 deg. For 
amount transmitted falls 
amount reflected increases rapidly 


| 
eas Tire 


quite 
These curves also 


show that the amount of energy absorbed by the glass 
itself is always a small percentage of the total, regardless 
of the angle of incidence 

The curves in Fig. oO were computed by means of 
the following formulas, whose derivations are given it 


Appendices 3, 4, 5, and 6 


Sincie GLAss 


Per cent transmitted 


Pry (1 Py pe “ 
Per cent absorbed 
P, (1 Py) (1 : 


DousL_e GLASs 
Per cent transmitted 
Py Ps ? 
Per cent absorbed 


Ps (1+ Pr) Pa 10] 


In these equations Py is the percentage of the incident 
energy which is reflected from the outside surface of 


the glass ; the balance being transmitted through the out 
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ANGLE OF INCIDENCE — DEGREES 


Fig. 6—Variation in the solar energy transmitted and reflected by 


angles of incidence 


side surface. Py was computed by means 
of Fresnel’s formula, which is given in Ap- 
pendix 7. The value of Py varies with the 
angle of incidence. 

In [7] and [8], & is an experimentally 
determined constant; its numerical value is 
the same in both of these equations. If the 
amount of light transmitted through single 
glass at zero angle of incidence is known, 
the value of k can be determined, and all 
other points on the four curves of Fig. 6 
can then be computed by means of Equa- 
tions 7 to 10. Shaver* reports that at zero 
angle of incidence a single pane of glass 
transmits 88 per cent and reflects 8 per cent 
of the incident light. This leaves 4 per cent 
as the amount absorbed by the glass. This 
is in substantial agreement with the fol- 
lowing results reported in an A.S.H.V.E. 


test.° 
PER CENT REFLECTED PER CENT 
AND ABSORBED TRANSMITTED 
10.8 89.2 
11.2 88.8 


In order to verify the validity of [7], the 
curve in Fig. 6 of the energy transmitted 


‘Windows and Their Relation to Air Conditioning 
Problems, W W. Shaver, Refrigerating Engineering 
September, 1933, Table 2, p. 134. 

®Studies of Solar Radiation Through Bare and Shaded 
Windows, Houghten, Gutberlet, and Blackshaw. A. S. H 
l’. E. Journal Section, Heatinc, Preinc anp Atr Conpt- 
TIONING, February, 1934, Table 4, p. 73 
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REFLECTED RADIANT ENERGY — PER CENT 


glass with changing 





through single glass was replotted 
Fig. 7. On this same figure 
plotted the actual points obtained 
the A.S.H.V.E. test. Most of 
experimental points fall along 1 
theoretical curve. The points 
large angles of incidence devia 
more from the curve than do | 
points for small angles of inciden 
At the larger angles, the per cx 
transmitted varies so much for e\ 
a small change in the angle of in 
dence that any slight error in 
test would throw the point consid 
ably off the curve. Considering 
factors, the agreement between | 
test points and the theoretical cu 
may be considered as fairly satisfa 
tory. As an additional check, it 
interesting to note that Shaver‘ als 
reports that 77 per cent of the in 
dent energy is transmitted throug 
double glass at zero angle of in 
dence. The A.S.H.V.E. test’ reports 
a value of 72.2 per cent transmitt 
(27.8 per cent reflected and al 
sorbed.) Figured by means of Equ: 
tion 9, 78.0 per cent is transmitt 
through double glass (see Append 
7). This is in good agreement wit! 


Shaver’s value, but somewhat higher 
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ANGLE OF INCIDENCE — DEGREES 


between 


theoretical curve for solar heat transmit'«d 


through single glass and A.S.H.V.E. test points 
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‘able 11—Fraction of Solar Heat Transmitted Through Single 
and Double Glass 
Sincte | DouBLe SINGLE DovusLe SINGLE | Doustt 
si} GILass GLASS cost GLASS GLASS cos i GLASS GLASS 
Pm | Pw Pu Pw | Pu P wo 


0 0 0 0.35 | 0 7060 | 0 4645 || 0 70 | 0 9035 | 0 7750 
ol | 0.0075 | 0 0005 0 36 0 7175 |) O 4800 071 0 9050 | 0 7780 
» g2 | 0.0175 | 0 0008 || 0.37 | 0.7280 | 0.4955 || 0 72 | 0.9070 | 0.7810 
,a3 | 0.0320 0 0010 0 38 | 0.7390 | O 5105 0 73 | 0 9080 | 0 7835 
o4 | 0.0515 | 0.0025 0 39 0 7490 | 0 5250 0.74 0 9090 | 0.7865 


0 05 0 0730 0 0045 0 40 0 7585 0 5385 || 0 75 0 9105 0 7885 
0 06 | 0.0960 | 0 0075 0 41 | 0.7680 | 0 5525 076 | 090115 | 0 7015 
0 07 | 0.1190 | 0.0120 0 42 | 0 7770 | 0.5660 || 0.77 | 0.9125 | 0 7935 
» 08 | 0.1430 | 0.0180 7850 | 0 5785 || 0.78 | 0 9130 | 0.7960 
» 09 | 0.1690 | 0.0255 || 0.44 | 0.7930 | 0 5910 0.79 | 0.9145 | 0.7975 


_ 
~ 


0.10 | 0.1950 | 0.0350 || 0.45 | 0 8010 | 0 6025 0.80 | 0 9150 | 0.7995 
0 11 | 0.2230 | 0 0450 0 46 | 0 8076 6140 0 81 | 0.9160 | 0 8010 
0 12 | 0.2570 | 0 0570 | 0.47 | 0 8150 | 0 6250 || 0 82 | 0 9170 | 0.8025 
0 138 | 0.2780 | 0.0700 0.48 | 0 8220 | 0 6365 0 83 | 0 9175 | 0.8040 
0 14 | 0.3050 | 0 0840 0 49 0 8280 | 0 6470 0.84 | 0 9185 | 0.8050 


0.15 |} 0.3300 | 0.0995 0 50 | 0.8340 | 0 6570 0.85 | 0.9190 | 0 8065 
0.16 | 0.3590 | 0.1155 | 0.51 | 0 8400 | 0 6665 0.86 | 0.9200 | 0.8075 
0.17 | 0.3780 | 0.1325 || 0.52 | 0.8455 | 0 6750 0.87 | 0 9205 | 0 8085 
0 18 | 0.4025 | 0.1500 0.53 | 0.8500 | 0 6835 || 0.88 | 0.9210 | 0 8095 
01 | 0.4260 | 0 1680 0 54 | 0 8550 | 0 6915 0.89 | 0 9220 |) O 8105 
0.20 | 0.4500 | 0.1865 0.55 0.8595 | 0 6990 0.90 | 0.9225 | O R115 
021 | 0 4720 | 0.2050 0.56 | 0.8635 0 7065 0 91 | 0.9225 | 0 8120 
0 22 | 0.4925 | 0.2245 0.57 0 8675 | O 7125 0 92 | 0 9226 | 0 8130 
0.23 | 0.5125 | 0 2430 0 58 | 0.8720 | 0 7190 0 93 | 0.9227 | 0 8135 
024 | 0.5330 | 0 2625 059 O 8751 0 7250 0 04 0 9228 | 0 S140 
0.25 | 0.5525 | 0 2825 0.60 | 0 S785 | 0 7310 095 |} 0 9226 O 8140 
0.26 | 0.5710 | 0 3025 0 61 0 8820) 0 7370 096 | 0.9230 O 8145 
0.27 | 0.5890 | 0.3225 062 O 8850 0 7420 0.97 | 0 9230 O 8145 
028 | 0 6050 | 0 3420 0 63 O 8880) O 7470 0 oO8 | 0 9231 0 S150 
0.29 6 «08 6200 | 0 3605 064 oO 8905) O 7515 099 | O 9231 0 S150 


0.30. 0.6375 | 0.3785 0.65 0.8930 | 0 7565 100 0 9232 O S155 


031 | 06525 0 3970 0 66 O 8950) O 7600 
0.32 | 0 6675 | 0 4145 0 67 0.8975 0 7645 
0 33 | 6.6830 | 0 4320 0 68 0.8995 | 0 7680 
0.34 | 0.6930 , 0 4480 069 0 9020) O 7715 


than the value which was reported in the A. S. H. V. E. 
test, 

The energy absorbed by the glass appears as heat in 
the glass itself and raises the temperature of the glass. 
The amount transmitted through the glass 
through as radiant energy and is not transformed into 
heat until it is intercepted by the opaque surfaces inside 
the room. 

Whether the heat absorbed by the glass will be partly 
or wholly transferred to the room air depends upon 
the temperature to which the glass is heated by the ab- 
sorbed energy. If the temperature of the glass is raised 
to a point that is higher than the temperature of the 
outdoor air, then part of the absorbed energy will be 
transferred to the outdoor air. The available experi- 
mental evidence on this point is too meager to permit of 
a definite answer. Inasmuch as the curves of Fig. 6 
show that the amount of heat absorbed by clean glass is 
always a small percentage of the total, the temperature 
of the glass was assumed to be lower than the tempera- 
ture of the outdoor air. In the preparation of Tables 
1 to 8, the small amount of energy absorbed by single 
glass was assumed ultimately to be transferred to the 
room, in addition to the large amount transmitted di- 
rectly through the glass as radiant energy. 

The tables of solar heat gains through double glass 
were prepared on the assumption that only the solar 
heat absorbed by the second thickness of glass was trans- 
ferred to the room. It does not seem reasonable to sup- 
pose that the heat absorbed by the first pane will also 
be transferred to the room. In the case of a single thick- 
hess of glass alone, the inside surface is in contact with 
the room air and is thus kept cool. However, in the 
case of the double thickness, the inside surface of the 
vuter pane is in contact with the air space between the 
‘wo panes. For this reason, it is quite possible in this 


passes 
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case that the temperature of the first pane may be raised 
to such a point that the absorbed heat will be 
ferred back to the outdoor air. 


trans 
The amount absorbed 
by the second thickness alone is slightly less than the 
amount absorbed by the first thickness alone 

tables for a small 


No allowance was made in the 


amount of diffuse radiation from the open sky his 
diffuse radiation from the open sky into rooms is always 
present on clear bright days, even though the windows 
of the room face in a direction opposite to the one from 
which the sun is shining. 
heat gain through windows outlined here is sufficiently 
safe to permit diffuse radiation to be ignored 


The method of computing the 


In order to compute Tables 1-8, values of /, were first 
computed by means of Equation 3. Values of the pet 
centage of energy transmitted and absorbed by singk 
Table 11 for various 


Table 1] were con 


For single glass, the 


and double glass were read from 
angles of incidence. The values in 
puted as described in Appendix 7. 
values in the column headed Py; were multiplied by / 
in order to find the solar heat transmitted through the 
glass. The values of Py, were 
formula: 


found by the following 
Pu Py T Ps 

For double glass, the values in the column headed /, 

were multiplied by /, in order to find the solar heat 

transmitted through the glass. The 


value S oO] P, were 
found by the following formula 

Py = Py 1 (P, Ps) iz 

Whether heat will flow 

outside surface of a window, and then in turn be trans 


from the outdoor air to the 
ferred to the room, depends upon how much the temper 
ature of the glass is raised by the solar heat absorbed 
Inasmuch as the amount of radiant energy absorbed 
by clean glass is small, it is questionable whether the 
temperature of the glass can be increased mucl lor 
the present, therefore, it seems best to assume that the 
normal conduction of heat through glass is unaffected by 
the solar heat absorbed. For this reason, the conduc 
tion heat gain through the glass should always be figured 
in addition to the solar heat 
further in Appendix 8&. 

Example 5 illustrates the procedure for 
the values in Tables 1 to 8. 


gain This is discussed 


computing 


Example 5: Compute the solar heat gain of one squar 


single glass facing east in a latitude of 45 deg The time is 9 
a. m. 
Solution: 
From Table 9, cos i 0.6646 
From Table 10, I, 285 Btu 
2R5 0.6646 


189.4 Btu 
From Table 11, for single glass and for cos ; 
0.895 


0.6646. / 


Solar heat transmitted through glass 
Btu per hr. 


0.895 180.4 169.5 


[To be continued | 





Increased production in the caramel department of 
“100 per cent during more than one-half of the days of 
the average summer” since installation of air condition 
ing has been reported by the Nutrine Candy Co., Chi 
cago. A 50 per cent increase in production of chocolate 
dipping of cream and cherry centers was accomplished 
by speeding up, through air conditioning, the center 
cooling and setting. 














Long Pipe Line ‘Ties In Steam Plants, 
Supplies 
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{bove—The six stand finishing train in the hot 

mill. Strip steel is rolled out of the last stand at a 

speed of over 2100 fpm ..... Right—The steam 

line supplying the mill crosses railroad tracks and 

driveways on six 22 ft cross-overs. Traps and 

valves are housed in steel cabinets similar to the 
one in the foreground 
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HE location of Republic Steel Corp.’s new 

98 in. continuous strip mill offered the 

possibility of either constructing a steam 
generating plant at the mill site or installing a 
pipe line of the proper size to supply the strip 
mill requirements from Republic’s nearby Corrigan, Mc 
Kinney plant, which is about two miles below the strip 
mill site on the Cuyahoga river. 

The new continuous strip mill, a colossus in an indus 
try where machinery and equipment are commonly gigan- 
tic, is the largest and fastest mill of its kind ever built. It 
can roll steel in all finished widths from 30 to 94 in. and 
all finished thicknesses from 18 ga strip to half-inch plate. 
Maximum delivery speed is 2121 fpm. The plant has a 
nominal rated capacity of 70,000 gross tons per month. 

The steam demand required a maximum of about 100,- 
000 Ib per hr of steam at 125 Ib per sq in. pressure. Steam 
is used for the operation of a batch pickler, continuous 
picklers, miscellaneous industrial heating applications and 
for blowing scale from strip. The summer load averages 
approximately 35,000 Ib per hr. 


Why Pipe Line Instead of New Steam Plant? 


In the determination of the relative merits of the two 
possible methods of supplying the steam demands, con- 
sideration was given to the following: The steam plant 
would have a higher first cost, a higher maintenance cost 
and have greater efficiency. The steam transmission line 
would require no standby equipment. In addition, cer- 


"Engineer, Republic Steel Corp 


ew Continuous Strip Mill 


By James M. Main* 


The factors leading to the construction 
of the long welded steam line supply- 
ing Republic's new continuous strip 
mill at Cleveland are discussed, and 
the details of the piping are described 





tain factors affecting the heat balance and availability 
fuel of the Corrigan, McKinney plant were consider 
The power generating system at the Corrigan, Mchu 


ney plant consists of: 

(1) A main power station on the west bank of the 
Fuel here is blast furnace gas with coal and oil awxilia: 
Capacity is 12,345 boiler hp, 750,000 lb per hr of steam, Stea 
pressure is 250 lb per sq in., 125 F superheat. 

(2) A steel plant boiler house on the east bank. Fuel |! 
is coke breeze and coal with auxiliary, coke oven gas. Capa 
ity is 4938 boiler hp, 210,000 Ib per hr of steam. Steam pres 
sure is 175 lb per sq in., 75 F superheat. 

(3) A waste heat boiler house, also on the east side. 
here is waste heat from the open hearth furnaces. Capacity 
5000 boiler hp, 150,000 Ib per hr of steam. Steam pressur« 
175 lb per sq in., 75 F superheat. 

The desirability of the interchange of steam and fue! 
requirements between these plants to tie in with the v: 
ation in the general plant operation and corresponding 
fuel availability necessitated a steam tie-in between t! 
main power station on the west side of the river with th 
steel plant boiler house on the east side. In addition | 
improving the balance of the general fuel and power 
quirements of the Corrigan, McKinney plant, it woul 
make available, under normal plant operating conditi 
sufficient steam to supply the strip mill without the addi 
tion of new steam generating equipment. 

The evaluation of the above factors, together with ‘he 


r > 
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ailability of the necessary right-of-way and the neces 
y of structures and supports for other lines not at pres 
t installed determined in favor of the steam transmis 


n line. 
Details of Piping Construction 


The right-of-way, occupying in most part the old Ohio 
canal lands, roughly parallels the east bank of the Cuya 
hoga river and is used by the River Terminals Railroad 
Co. for track from the Corrigan, McKinney plant to the 
strip mill site. 

The steam transmission line consists of three sections, 
which together form an odd-shaped, élongated “Y.” The 
three sections are: 

(1) A line from the west side power station to a junction 
point on the east bank of the river near Clark avenue and In 
dependence road. 

(2) A line from the steel plant boiler house to the same 
junction point. (This line can be used to augment the steam 
supply from the west side power station to the east side plants.) 

(3) A line from the junction point to the strip mill 

The first line is a 10 in, line, 1960 ft long (developed 
length). It is supported in part by pipe pole structure 
It crosses the Cuyahoga river under the sidewalk of the 
Clark avenue bridge, which is about 100 ft above the 
river. 

The line is of welded construction, of 10 in. standard 
steel pipe. Expansion is provided for by four 10 in. off 
set expansion U bends. 
mum flow of 150,000 Ib per hr of steam 
is 240 Ib per sq in., 125 F superheat. 

The line from the steel plant boiler house to the junc 


It is designed to carry a maxi 
Initial pressure 


tion point is constructed of 16 in. O. D. x 34 in. wall 
pipe. It is of welded construction, supported in the most 
part on existing pipe racks. This line is designed for a 
maximum flow of 130,000 Ib per hr of steam, initial 
70 F superheat. 

The third line, from the junction point of the 10 in. 


pressure 165 Ib per sq in., 


and 16 in. lines to the strip mill, is designed for a maxi 


The line crosses the Cuyahoga river under 
the sidewalk of the Clark avenue bridge 
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mum flow of 100,000 Ib per hr of steam t consists 0 
5860 lineal feet of 133¢ in. ©. D. x 0.43 in. wall and the 
remainder (2435 lineal feet) of 12 in. x 0.375 in. wall 
pipe. Initial steam pressure is 160 Ib per sq in 

The entire line is of welded construction with Series 3! 
forged steel flanges, extra heavy welding ells, cast ste« 
valves for 300 lb per sq in. working pressure n the 
case of the 134 in. O. D. pipe, 14 in. x 23 in. Series 
forged steel flanges bored for 134g im. ©. D. pipe wer: 
used, and elbows were fabricated by welding 

For the most part the line is supported on reinforced 
concrete piers, spaced on about 25 ft centers They are 
of sufficient size to carry an additional 30 in. line 

Expansion is provided for by the use of offset U « 
pansion bends and cross-overs. [Expansion bends we 


; 


shipped in three parts and welded together in the field 
Pipe Supports 


concrete ~wmers ¢ 1s 


The pipe supports on the 


standard cast iron rollers on steel shafts support 

chairs of welded plate construction. They are secure 
the piers with anchor bolts. Where required, to all 
for lateral movement of the line at the expansion ben 


chairs and shafts are lengthened 

The supports on overhead structures consist of tw: 
rod swing hangers attached to pipe clamps 

Anchors and alignment guides are of welded constru 
tion, made up of structural shapes and plates. Guid 
plates and anchor lugs are welded to the pipe 

The overhead line is suspended from structural bend 
consisting of two 6 in. x 8 1n. well truss steel column 
with double channel members across the top. Poles ar 
bolted at the bottom to galvanized angles cast in pocket 
in concrete piers, 

\ltogether there are six railroad and highway 
overs, 22 ft above ground. They consist of structura 


trusses with the pipe suspended fron 


CTOSS TLIC TIT 


which are supported on upper chords 


Trap and Valve Cabinets 


Condensation pockets, drained by forged steel inverted 
bucket traps, are situated at all low points and at intervals 
of about 500 ft. Traps and valves are housed in steel 
cabinets with locks to prevent tampering. Cabinets ar 
attached to drip pockets in accessible positions, alleviat 
ing the necessity of swing connections to provide for th 
expansion. 

The line is insulated with doubk 
85 per cent magnesia sectional covering with waterprooi 
jacket. 
roller supports. 


standard thicknes 


Standard protection saddles are provided at all 


All welding was done by means of the electric ar 
Welds are 60 deg V butt type, laid in three beads 

The line was put in service November 15, 1937, and 
has been in continuous use since that time The maxi 
mum flow up to the present time has been 75,000 I! 
per hour. 

The steam line was fabricated and erected according 
to the design and under the supervision of the engineet 
ing department of the Republic Steel Corp., Corrigan, 


McKinney Div. 








Research Committee Studies Grounding 





of Electrical Circuits on Piping 


By H. S. Warren* 


HE protective grounding of electric circuits and 
apparatus in homes has been the approved stand- 
ard practice for many years and is essential to 
the safe use of electricity under the conditions generally 
prevailing in this country. This grounding practice is 
covered by mandatory rules in the National Electrical 
Code and the National Electrical Safety Code. It has be- 
come almost universal, not only in the U. S. A., but 
also in other countries where there is a high electrical 
development. 
By “protective grounding” 
nection of circuits or equipment to the earth. 


is meant the electrical con 
The ob- 
ject of such grounding is to limit the voltage which a 
person touching the circuit may accidentally sustain. 
lt is very important that the circuit be grounded in the 
most effective w ay practicable. lf a house is piped for 
water or gas, the circuit should be grounded on such 
pipe, preferably the water pipe, for a water pipe, if con- 
nected to a continuous metallic water supply system, 
affords by far the largest available area of contact with 
the conducting material of the earth. If, however, the 
house contains no such pipes or other large grounded 
metal body, the circuit should be grounded through a 
driven pipe, or rod, or some other buried electrode 
providing the best practicable contact with earth. 

While necessity’ for protective grounding is recog- 
nized by electrical engineers, some pipe-owning com- 
panies, who are not usually very familiar with electrical 
problems, have objected to the use of their pipes by 
others (as it seemed to them), for a purpose they did 
not fully understand. This has been particularly true 
in cases where they found current on the pipes, as they 
feared the current might be harmful. From time to 
time there have been complaints of electric shock from 
pipes on which electrical circuits have been 
More recently, a question has arisen as to 


water 
grounded. 
whether such grounding might not be promoting certain 
corrosion troubles on pipes and fittings. In some cases, 
water companies came to suspect that somehow ground- 
ing might be responsible for objectionable tastes, odors, 
and discolorations of the water, instances of which they 
sometimes experience. The water companies may have 
been unduly apprehensive of effects from 
grounding and disposed to attribute to it troubles for 


harmful 


which, perhaps, grounding was not to blame. On the 
other hand, it seemed reasonable to have the facts in 
vestigated so that the effect of this practice of grounding 
on water pipes, whether harmful or not, might be better 
understood. 

Accordingly, the American Water Works Associa- 
tion and the Edison Electric Institute jointly invited 
representatives of other interested groups to consider a 
cooperative study of this problem. As a result, the 
Committee on Grounding was 


American Research 


*Consulting Engineer Chairman, American Research Committee on 
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formed. Some fourteen national organizations are 


resented. The committee’s objectives are set fort 
a resolution adopted at the organization meeting, w 
reads as follows: 

To investigate and report upon, as conclusively as may 
(a) electrical grounding connections, made to water, gas 
drainage pipes, with respect to the effects of any kinds of 
trical current thereby caused to flow, upon (1) the pipes 
the contents of the pipes, and (3) fire and personal haza: 
(b) conditions in the electrical circuits involved which pri 
current flow over pipes; (c) measurement of stray curr 
(d) efficiency of electrical grounding. 

Since that meeting, the committee has been making 
field and laboratory investigations. The results to « 
may be briefly summarized in the following parag: 
taken from a progress report dated June 14, 1938: 

To date the technical subcommittee has investigated some 
field cases where complaints have been made and where it 
suspected that stray alternating or direct current might 
been a factor in producing the trouble. In none of the 
so far investigated, however, has the trouble been found t 
due to alternating current on the water piping system, alth« 
on the other hand, the investigations have not shown that 
current may not have contributed to the cause of the comp! 
in some of the cases. 

\ number of significant factors have been found, including 
tendency of the water in question to corrode the piping or 
metal, the effect of dissimilar metals in the piping systen 
ating galvanic couples, and corrosion of hot water supply 
due to abnormally high temperatures. Further field investi 
tions are to be made, as cases are reported to the committe: 
water companies, where troubles such as corrosion, impairn 
of water, sparking, or electric shock, are suspected of 
caused by electrical grounding. Field work is being sup 
mented by laboratory investigations of the fundamental ele 
chemical principles involved. 

From this statement it appears that the troubles 
perienced in the field by the water companies have bec 
due largely to causes other than the grounding of cle 
trical circuits on their pipes, although, of course, this 
not the case where electric shocks from water pipes ha 
been experienced. However, the committee has had 
case of electric shock called to its attention for inves 
gation. 

The committee is desirous of investigating as ma! 
cases as possible where troubles such as corrosion, 
pairment of water, or electric shock, are suspected 
being caused by electrical grounding, and invites in! 
mation about such cases. In order to save time 
traveling expenses, investigations are preferably limit 
to the area within 100 miles of New York City, but r 
ports of cases elsewhere will be welcomed. Word 
cerning cases should be sent to the committee's s« 
tary, Charles F. Meyerherm, 511 Fifth Ave., New 
City. Arrangements can then be made by whic! 
parties interested can take part in any inspection © 
vestigation which the committee may make. 
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Hot Water Heating System for New 


Campana Plant Has Novel Features 


Well Water Provides Cooling and Dehumidification in Summer 
L 


HE Campana Sales Co.'s 

new plant at Batavia, IIl., 

incorporates almost every 
conceivable modern aid to efh- 
cient production of its product 
various proprietary toilet arti- 
cles. Situated on an extensively 
lanscaped site, the building is a 
windowless structure of rein- 
ferced concrete construction with 
exterior walls of terra cotta. 
Translucent bands of hollow 
glass blocks extend around the 
entire exterior. 

Electric energy is the only 
public utility service used. All 
water comes from deep wells on 
the property, and 
treated in a private plant. 

Year ‘round air conditioning 
was specified, for the company’s 


sewage 1s 


By Samuel R. Lewis* 





Year ‘round air conditioning was specified for Campana’s modern new 
building as an aid to efficient production and for employee comfort. Cooling 
and dehumidification of the air in summer are accomplished by means of 
cold well water: in winter, hot water is circulated through the same piping 
and convectors. ... The water is heated by means of twelve oil fired boilers 
controlled in three groups of four each, cutting in and out automatically a- 
required by the outgoing water temperature. . . . Mr. Lewis. consulting 
engineer for this unusual plant, describes the heating and air conditioning 


founder—Mr. E. M. Oswalt 

believes in comfort for his em- 
ployees as well as close control 
of temperature, relative humid 
ity, and dust in the manufactur 
ing processes. The air condition 


ing and the unique heating plant 





a forced circulation hot water 
system with 12 automatic oil fired steam boilers for heat 
ing the water—are among the most interesting features 
of the project. The cooling and dehumidification are 
accomplished by cold water from deep wells; the same 
water circulating piping and convector system is em 
ployed the year around to deliver heat to the rooms in 
winter and to remove heat from them in summer. All 
of this piping is sweated copper. 

Every ‘lepartment on the second and third stories 
las year ‘round air conditioning from a plant arranged 
to filter and heat or cool the air, varying in proportion 
of outdoor to recirculation according to occupancy and 
usage. The volume of outdoor air taken in varies from 
a minimum of perhaps 10 per cent with 90 per cent re- 
circulated in extremes of warm or cold outdoor weather 
to 100 per cent from outdoors during intermediate sea 
sons when neither heating or cooling are necessary. 

The first story is used exclusively for storage and 
shipping, and while it is heated in winter it is not cooled 
in summer. Certain manufacturing processes involve 
unusually low relative humidities and temperatures in 
some departments while others are those normal to any 
intensively occupied office building. All of these con- 


onsulting Engineer Member of Board of Consulting and Contrib- 


uting Editors 


Heatinc, Prreinc anp Arm Conprriontinc, Avet st, 1938 


ditions have been met successfully by adjusting th 
of water ow and volume of air movement to 


quirements of each department 


Heat is transmitted to toilet rooms and many sn 


auxiliary rooms not requiring conditioned 
hot water radiators of the pressed steel high pr 
type, wall hung. 


The Conditioning Units 


Each principal room on the second and third st 


has one or more overhead horizontal conditioning u 


which are of original design in that the exhaust f: 


as well as the supply fans are driven by a single elect 


motor. Each of these units is served by an outsick 


intake duct coming from a copper gooseneck hood 


the roof and each has an outboard exhaust duct leadi 


to the roof, and discharging close to and above the 


take. No contamination of the entering air due to 

relation has been observed. 
The supply and exhaust 

through interlocked dampers in such manner that 


systems are 


exhaust fans may deliver any adjusted proportion of 
air back through the filters and convectors for reci: 
lation or may discharge it directly outdoors 


connect 
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Opposite page, upper left—Plan of the boiler room 


| per right—Diagram of the principal water piping ... . . Left 

ponter—Cross section through boiler room .... . Right center 

r. ical supply and exhaust fans, with convectors and ducts .. . . . 
Bottom—Plan of second story 





in general the air conditioning units are situated in 
the rooms which they serve, partly concealed in the 
furred-down ceilings with their bottoms and _ bearings 
The air distributing ducts are con 
the spent air returns 
The tem 
perature is controlled by electric thermostats which vary 


always accessible. 
cealed above a suspended ceiling ; 
without ducts directly to the exhaust fans. 


the volume of water flowing through the convectors in 
accordance with the individual requirements, and which 
are readjusted and reversed, as the seasons change, by 
an outdoor master thermostat. 

Every air conditioning unit has a water-tight, dew 
collecting tank draining through copper tubing to a vis 
ible outlet above a trapped catch basin in the floor. 
Many rooms, such as corridors, have floor mounted con 
vector units equipped with noiseless recirculating fans, 
all of which are controlled automatically and all of 
which have dew drains, since they receive cold water 
in summer as well as warm water in winter. 

The Basement Equipment 

All piping, conduits, drains, etc., are overhead near 
the first story ceiling, and there are no trenches or buried 
pipes in the building except certain sewers which serve 
the first story. 
extending across the building at its center, approxi- 
This basement 


There is no basement beyond a zone 


mately the same width as the tower. 
holds the boilers, water circulating pumps for use in 
winter, and the electrical distribution board, as well as 
large tanks storing various liquids used in the manufac- 
turing processes. Fuel oil is stored in two 7500 gal steel 
tanks outside of the building and alongside the railway 
and trucking areas. There is one high pressure, oil 
fired steam boiler used for process purposes and entirely 
separate from the heating system. The 12 low pressure 
heating boilers are arranged in two batteries, back to 
back, with their breechings directly connected into two 
underfloor masonry ducts which lead to duplicate steel 
stacks in one corner of the tower. 

The boilers are controlled in three groups of four, 
each cutting in and out automatically as required in re- 
sponse to the outgoing water temperature demand. They 
have electric ignition, with the usual time delay and ther- 
mal protective devices. A very complete installation of 
recording and indicating instruments has been made. 

Since the deep well water supply was likely to carry 
a considerable volume of salts precipitable when heated 
above a rather low critical temperature, the 12 boilers 
all operate on a closed steam system, with extra large 
steam and return headers. The low pressure steam 
never leaves the boiler room, and the condensate is all 
returned to the boilers by duplicate automatic pumps. 
There are also duplicate automatic oil pumps for de- 
livering the fuel oil from the outdoor storage tanks to a 
small auxiliary oil tank in the boiler room. 

The steam is used to warm the recirculated water of 
the heating system in a copper tube transfer heater ar 
ranged for easy cleaning. The domestic hot water for 
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process and for the large plant cateteria also 1s heated by 


steam. Since the temperature of the recirculated heat 


ing system water responds directly to the heat demand, 
it is possible to control the number of boilers in opera 
tion by a master step-aquastat in the departing wate 
The process boiler has both steam and electric fee 
pumps and serves certain small process requirements 
including a water distillation 


system. The make-up 


water for this boiler comes from a conventional zeolite 
softener, and is mixed judiciously with enough raw 
water to protect the boiler against pitting 

The steam piping. inside the boiler room mostly is 
of screwed and welded steel, but all water circulating 
piping and much of the process piping is of sweated 
hard copper. 


The Well Water System 


11 


\ll water comes from two drilled wells, one at eac! 
end of the building and about 325 ft apart, one (No. 1) 
500 ft deep and the other (No. 2) about 1000 ft deep 
No. 1 delivers water at 52.5 IF, while the water from No 
2 is about 1 F warmer. Each has a vertical turbine pump 
controlled automatically to maintain a standard pressure 
within a 6 ft diameter by 20 ft long underground steel 
150 Ib pressurs 


storage tank. The tanks are built for 


and are well insulated in thoroughly drained soil 


far below the sun heated surface. They have the usual 
pressure gages and relief valves, all accessible at the 
tank ends which project into the well pits 

The two pneumatic water tanks with their deep well 
pumps supply all water for domestic use and for fire 
protection as well as for air conditioning in summer 
They are connected by a 5 in. header running the full 
length of the building with an automatic pressure actu 
ated valve in the header which normally is closed, keep 
ing tank No. 2, which is filled from the deeper well, no: 
mally at the full pressure of 60 Ib ready to serve, whik 
the other tank and the shallower well with its cooler 
water carries the load. 


~ 


Should the pressure in the gen 
eral house system fall to 40 Ib the automatic valve opens 
and well No. 2 goes into action to supplement well No. 1, 
stopping only when the pressure is again built up 

There is a manually operated bypass valve around 
the automatic valve for emergency use 

The 40,000 gal sprinkler tank in the tower is served 
by a 6 in, riser from the main header on the side of the 
above valves toward well No. 2 with the usual float 
control to maintain a constant water level in the tank 
In case of fire, two 5 in. connections with automati 
pressure actuated valves connect directly from the re 
spective wells to the sprinkler system, bypassing thx 
sprinkler tank and putting both well systems into paral 
lel operation. 

When the cold well water is used for air conditioning 
the water (except that for a small line serving drinking 
fountains ) goes first to the cooling convectors of the 
second and third stories, from them to the convectors of 
the first story, and then serves the domestic and sprink 
ler tank requirements before overflowing at the top of 
the latter for further use for lawn sprinkling before be 
ing wasted to the storm sewer. 

Most of these functions are automatic, with inte: 
locked electrically operated valves, since in winter all 












Interior view showing one of the overhead units 


communication between the pumped hot water heating 
system and the domestic system is terminated. In win- 
ter the heating system water is in a closed circuit, with 
a steel pneumatic expansion tank in the tower, and is 
sent through the steam heated transfer apparatus in the 
boiler room by duplicate centrifugal pumps. The cir- 
culated water in winter is protected against possible 
freezing by addition of antifreeze compound since, when 
large volumes of air directly from outside are intro- 
duced, there is possibility of freezing. The antifreeze 
solution is stored from year to year. The expansion 
tank being closed, it is possible to heat the water to 
250 F or warmer, without boiling, should this be neces- 
sary. 

The temperature ofthe cooling water in summer auto- 
matically is controlled by regulating the volume of well 
water passing the convectors through a humidistat. In 
winter the water temperature is varied automatically in 
proportion to the weather through an outdoor thermo- 
Stat. 

The system is designed to permit and to maintain ex- 
act year around temperature and relative humidity and 
dust control in each of the many separate divisions ; the 
modified unit system of air conditioning gives this flex 
ible, separate control admirably. 

All chemical hoods, special process rooms, the toilet 
rooms, and the cafeteria kitchen have independent ex- 
haust fans. Certain comparatively small storage rooms 
for raw material have independent automatically con- 
trolled mechanical refrigeration plants, due to need for 
refrigeration the year around during the seasons when 
no general refrigeration is necessary. 

Certain processing rooms are equipped throughout 
with explosion proof electrical appliances, though no ex- 
plosions have ever occurred in the former unventilated, 
conventionally heated plants of the company. 

Among the lessons gained by experience with this 
installation are that the water heating-cooling convectors 
should be subdivided by valves and arranged so that 
about half of the surface can be cut out and drained 
in winter. 

Long lines of hard copper tubing must have unusual 
expansion and_ contraction, 


arrangements to control 


preferably by loops. 
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Intake and outlet dampers should be very tight, 


erably closing against rubber hose attached to 


frames, since with a subzero wind blowing towa: 
intake the shutdown temperature to leeward of c! 
conventionally built dampers drops rapidly. 

All dampers should be spring operated to shu 
outside communication when the respective fans ar 
down, and all valves which control fluids which 
freeze in case of failure of the automatic controls s| 
be spring opened in case of failure ot these controls 

Architects for this project were the late Fran} 
Chase, and Childs & Smith. The contractor fo: 
heating and cooling system was Mehring & Hanson 
The author was consulting engineer. 





Huge Weather Tunnel Tests Fords 


A huge new “weather” tunnel, said to be the firs 
its kind ever built solely for scientific research in n 
car design, has been put in operation at the Ford M 
Co, engineering laboratory, Dearborn, Mich. Pury 
of the tunnel is to make possible reproducing in a 
oratory any kind of weather to be found anywher 


earth any time of year. 


The 500 ton refrigeration system can maintain a t 


perature of 20 deg below zero in the tunnel. Ther 


also a cold chamber im which temperatures as low 





40 below zero can be maintained for tests of engines, oi 


batteries and starters. 
can be varied from 20 deg below to at least 150 
above zero, atmospheric pressure can be adjusted 
duplicate any climatic condition, and the moisture « 
tent and oxygen content of the tunnel air can be « 
trolled. 
inside the tunnel. 

The tunnel itself is a 


The air is cooled by refrigerating coils 


long by 35 ft wide and 14 ft high, enclosing an ellipti 


In this chamber air cat 


chamber 10 ft in diameter. 


circulated at velocities as high as 85 mph, the air bei 


driven by a 400 hp electric motor turning a 10 ft 
blade propeller. 


A Ford V-8 sheathed with ice under test in the tunnel 
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rectangular structure 124 


The temperature in the tunn 
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The Theory of Evaporative Cooling 


By W. S. Bodinus* 


VAPORATIVE cooling represents one of the old- 

est practical applications of air conditioning prin- 
ciples. Systems of the water spray air washer 
type for air cleaning and humidification were used even 
before the 20th century, and it was observed that a con- 
siderable cooling effect could be obtained under certain 
outside temperature and humidity conditions. Historical 
accounts of the ancient Egyptians, the Indians, the Chi- 
nese and others illustrate methods of evaporative cooling 
by sprinkling water on reed carpets that closed entry 
ways to living chambers. Natural air currents passing 
over the wetted surface caused evaporation of water and 
cooling of the air. 


Adiabatic Saturation 


One of the air conditioning principles that seems most 
difficult to understand is the theory of adiabatic’ satura 
tion of air, first rationally expressed by W. H. Carrier. 
This theory is based on the conversion of sensible heat of 
air to latent heat while the total heat remains constant. If 
a continuous quantity of air at a high dry bulb tempera 
ture and a low dew point temperature js passed through 
a dense spray chamber of recirculated water, the water 
will take a temperature the same as the wet bulb of the 
entering air; the condition of the air leaving the spray 
chamber will be saturated (100 per cent relative humid 
ity) at the spray water temperature (which as stated be- 
fore is the same as the entering wet bulb temperature). 
The water remains at a constant temperature, although a 
small portion of it is evaporated to add the necessary 
amount of latent heat to the air. The heat required for 
the evaporation of this small amount of water is removed 
from the air by cooling the air from the entering dry 
bulb to the leaving saturated condition. 

Thus the air which entered the spray chamber leaves 
the chamber having had its dry bulb temperature reduced 
and its dew point increased. In this process there has 
been no extraction or addition of heat (adiabatic). Note 
that the process is dependent only upon the wet bulb 
temperature of the entering air, and both the water and 
the ieaving air finally take a temperature the same as the 
entering wet bulb. Naturally the thoroughness of this 
process depends upon the efficiency of the spray chamber, 
which in turn is governed by the density of the spray 
area, atomizing efficiency of the nozzles, velocity of the 
air through the spray, and the evenness of the distribu 
tion of the air through the chamber. 


Influence of Outside Conditions 


Many times in spring and fall, and once in awhile dur 
ing summer, conditions of the outside air are such as to 
allow the use of the evaporative principle for comfort 


"Engineer, Carrier Corp. 

‘Pertaining to or designating processes not accompanied by gain or loss 

heat. In the adiabatic saturation of air, the total heat remains constant; 
some of the sensible heat of the air is converted to latent heat, which low 
rs the dry bulb temperature of the air and increases its dew point tem 
erature and of course its relative humidity. 
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Because of the number of questions pertaining to 
evaporative cooling received by the editors from 
readers, we asked Mr. Bodinus to prepare this ele- 
mentary discussion of the principle involved. 

Those unfamiliar with this type of air conditioning 


will find his article a clear explanation of its basis 





cooling provided the proper temperature control is used 
to compensate for the varying outside conditions. For 
evaporative cooling purposes a simple control ts a thet 
mostat situated in the path of the air leaving the spray 
chamber which actuates automatic outside air dampers 
and automatic return air dampers. This thermostat ts 
known as a “dew point thermostat” although it actually 
causes a mixture of ait entering the spray chamber to b 
at the correct entering wet bulb so that the phenome non 
of adiabatic saturation can take place 

If it is desired to cool a conditioned space to an ave! 
age condition of 80 F dry bulb and 50 per cent relative 
humidity, the room dew poimt must be 59) Ff Sines 
there is always a certain latent heat pick up, the dew 
point of the air entering the room must be lower than 
591% to compensate for this—so the air is introduced int 
the room at a dew point | to 10 F lower than actual root 
dew point. For the ordinary office space, the entering 
dew point might average 56 F. 

If the principle of evaporative cooling is to be used 
this case, naturally the air leaving the spray chamber 


must be at a temperature no higher than 56 F. In ordet 


| 
| 


to do this, one of the combinations of air entering tl 


spray chamber listed in Table 1 would be necessary 


Table 1—Entering Air Conditions to Spray Chamber for Room 
Condition of 80 F and 50 Per Cent 
Re 4 vr 

Dey Bute Dew Point Hus ’ ! 
uo 16 t 
8 26 1! 
st) 84 10 
75 40 ; 
70 4 40) ( 
, 1 ¢ 
ou ‘4 ~ 
6 a) ] 


Obviously, from Table 1, atmospheric conditions do not 
exist in midsummer in most areas to satisfy the neces 
sity of a 56 F dew point leaving the apparatus, although 
the values from 75 F dry bulb down to a 56 F saturated 
condition do exist quite often in spring and fall. For 
installations where the internal heat loads (lights, people, 
motors) are great (and these are often coupled with sun 
effect) there is a necessity for cooling during intermedi 
ate seasons or even in winter which can be very well 
satished by the evaporative cooling system. 

The design condition of 80 F and 50 per cent relative 
humidity for satisfactory room comfort conditions is ordi 
narily based on a very mild movement of air, say a veloc 


ity of 15 to 25 fpm in the occupied space. By increasing 














Evaporative cooling spray chambers and fans for bakery cooling 


the movement of air in a given space by circulating more 
air (increasing the velocity in the space to, say, 100 fpm) 
a greater cooling power is obtained. The same net com 
fort cooling result at the increased air movement can now 
be obtained with a design condition of 80 F and 65 per 
cent relative humidity, although the atmosphere would 
have a somewhat damp and musty feeling. It is possible 
to increase the cooling power of the air even further by 
increasing the velocity of the air circulation in the room, 
but objections because of excessive air movement and 
drafts usually limit the velocity in the space to less than 
100 fpm. Then, too; relative humidities much higher 
than 65 per cent cause a very damp atmosphere which is 
objectionable from a comfort standpoint as well as pos 
sibly being detrimental to products on display and in 
jurious to furniture, fixtures, decorations, etc. 

It cannot be stressed too strongly, in my opinion, that 
before conditions using 65 per cent relative humidity com- 
bined with room velocities of around 100 fpm can be con 
sidered acceptable by the air conditioning industry and 
the public, extensive field tests will be needed. Such con- 
ditions have proved acceptable in fairly complete labora 
tory tests, but field installations have been too few and 
restricted to permit any conclusions to be drawn to date. 

The room condition of 80 F dry bulb, 65 per cent rela- 
tive humidity, and 67 F dew point could be satisfied if 
the dew point of the air leaving the spray chamber were 
approximately 65 F (allowing 2 F lower dew point of 
the air entering the room than room dew point). There- 
fore the wet bulb of the mixture of air entering the spray 


chamber must be 65 F. In order to do this the air con- 


Entering Air Conditions to Spray Chamber for Room 
Condition of 80 F and 65 Per Cent 


Table 2 


RELATIVE 


Dry Bue Dew Pent Hu™MIpIry Wert Bute 


100° 39. 124%. % o> 
95 5° ko, 5 
90° 49° 24% ny 
85° 53 33% rit 
sOoO° 56° 15% tio 
75° 49 8% 6 
70 62° 783% 65 
65° 65° 100 &% 6) 


932 


ditions entering the spray chamber of Tab! 
would be necessary. 

From Table 2 it again can be seen that atn 
pheric conditions do not usually exist in n 
summer to satisfy the necessity of a 65 F « 
point leaving the apparatus. The field of us: 
ness of the evaporative cooling principle has | 
ever been broadened (on the assumption 
higher room relative humidity) in that a grea 
number of days will fall within the values 
Table 2. There are a few places in some of 
western states atmospheric conditi 
exist to make the evaporative cooling syst 
satisfactory during the major part of the sum: 
period. An excellent system which has ly 
used satisfactorily in many of these areas 
refrigeration and evaporat 


where 


combination of 
cooling. 


Good designing 


engineering 
conditioning 


pract ice in 


complete air system requires 


thorough consideration of the variance of 


not econonnca 


side weather conditions. It is 


sound to design the cooling equipment f 


maximum observed condition that may ocx 
only once or twice a year and most installations 
designed for an average summer condition whic! 
somewhat less than the peak condition. Even with 


original discount, the use of refrigerating equipment, 
some means of latent heat removal, is required throug 
out the summer season in most parts of the Unit 
States. 
equipment 
evaporative cooling does find a very economical an 


The use of spray 


make 


type air 


which will use of the principl 


practical application for intermediate use, as well 
affording complete humidification for winter operatic 





Air Conditioning a Production Factor 


installation in the plant oi 
\shland, Mass., thor 


The air conditi ming 


Warren Telechron Co., where 


sands of small clock motors are produced weekly, offer: 


an example of benefits which accrue to workers 
product. 
ventilation were prime factors to be considered in t! 
design of the 9600 cfm system installed in the assemb! 
section by Lawton Engineering Corp., of Boston. 
During the fall season thousands ‘of rotor units a 
produced in the air conditioned room. 
ume of the Telechron business is produced on mot 


washer conditioning 


Dust removal, humidity control, and adequat 


The greater vol 


) 


conveyors, and special motors for heavier instruments 


and larger clocks are also assembled in the room 
separate benches. Failure to eliminate dust, dirt, a1 
foreign grease from the interiors of the sealed-in motor 


might result in excess wear and motor failure. Inspe 


tion and assembly work is therefore close and difficult 


and favorable working conditions are a prime consi 
eration. 


The system consists of a 25.6 ton compressor drive! 


by a 20 hp motor connected to an air conditioner, whi 
provides conditioned air distributed from ceiling duct 
A mean relative humidity of 50 per cent is maintain: 

An interesting angle of the installation involves a tes 
ing rack where 8000 Telechron motors are suspend 
ach consumes only two watts of electricity, but t! 
factor increased the heat gain by approximately 45% tor 


Heatinc, Preinc ano Arm Conprtrontnc, Aucust, 1° 











Noise Measurement 


By H. F. Hagen* 





A Clear and Concise Explanation of 


the Principles of Noise Measurement 





NYONE possessing a knowledge of the fundamen 
tal laws of physics, which form the basis of all 
4 engineering, can readily extend this knowledge to 
include an understanding of the principles of noise meas- 
urement. He may be troubled at first, however, in relat 
ing this new matter to his previous knowledge by the 
seemingly new quantities that appear in the formulas and 
the unfamiliar groupings that even old, familiar units can 
develop. 
Our most important equation, the one for sound inten- 





sity in ergs per second per square centimeter, introduces 
both new quantities and peculiar groupings. 


Loudness level and loudness scales 


p? 
ia) 
pe ae derivation of Equation 1 is given in “Acoustical Eng 
where neering’ by W. West, published by Sir Isaac Pitman & 
P is the sound pressure in dynes per sq cm; sons Co \t present it is sufficient to sav that the 


pis TS! ; s pe . , , 
p is air density in grams per cc; mula results simply enough from the application 
C is the velocity of sound in cm per sec : i ae a : ' , ‘ . 
Wins opto celeration, force, and work to a wave motion 
\ complete discussion of this equation and its terms : 8 eee 
' ; ; sees Modern acoustical engineering has been deve 
will show that there is really nothing new involved. The 7 Se Niieae @ 
’ ; rel : 1 ay : with scientific precision. The telephone industry has le 
equation depends entirely upon combinations of the usua ' ’ 
lick for ; len , 1 ti : ne the way under the direction of Dr. Harvey [letchet 
units of torce ass, length, ane e. ee “ 
, . yw ; a ‘ ngtn, anc um om 4 ; the Bell lelephone laboratories \s might be « xpecter 
lhe use of the centimeter, gram, second (CGS) units - ' ; -— eae? ‘ 
, lefinitel blished j I i from such origin, emphasis has been placed o1 
las bee ae . *stablishe TS 4 
= Pau tennitely re ished in rer ree eae of sound on the human ear, and the measurements « 
met dehnitior se ay be welcome to se 
ith 1S ot these units m ty € elcome to those sound are designed to approximate ear reaction an 
who may have forgotten them. Force, mass, length and 


time are the primary units in any system. In the CGS 
system the unit of time is the familiar second, the unit 


indirectly to give physical quantities 


In general the response of any of the human senses 


7 ar : , ae 4] to an external stimulus is in terms of a ratio of the 
tT eng » ce oT > as > OTe 

f ! “al } is t u centimeter, the unit of mass 1S t 1€ gram, added stimulus to the previously existing conditions 

nd the unit for force is the dyne, a force which acting level affecting that sense. At night, for example, we 


on a 1 gram mass will produce an acceleration of 1 cm have a low light level and a single 50 watt bulb gives 
per sec per sec. 

Other units of measurement are derived from these 
four primary units, such as:—Pressure in dynes per 
square centimeter, or bars. The latter term is frequently 
used in sound engineering. Work or energy in ergs 
\n erg is the work done by a force of one dyne moving 
through a distance of one centimeter. 


us a lighted room. But in the same room in the daytime 
when we light the bulb because of dark clouds outsice 
the lamp seems to help only slightly. In this case th 
added stimulus, the light of the lamp, produced a smalle: 
sensation of change 

The ear and sound show a similar relation When the 
noise level is low, as in a quiet room, a small amount of 


] 


ve, “ene ee erage er eae 
Equation 1 the intensity / is measured in ergs per noise. such as is made by a desk fan. is not only notic: 


second per square centimeter. The intensity of a sound 
is, therefore, the quantity of sound energy per second 
passing through a unit area. For the interest of those 
who like a little mathematics a readily understandable 


able but unpleasant. In a moving train, however, wit! 
a high noise level the noise of the same fan is barely 
audible. 

This peculiar physiological response to stimuli obeys 


1 


a f 4 oT: Oo lh 1? 1) TT 
Vice-president in Charge of Research, B. F. Sturtevant Co very ch sely the result of inte grating the mathematica 
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expression of the change divided by the level and gives: 
Sensation=log (/z2 //,). That is, the sensation is equal 
to the logarithm of the ratio of the intensities of the 
stimuli. 

In acoustics the unit log of ratio is called a_ bel, 
and one tenth of this unit is the decibel (db). We then 
have: bels=log (/,//,), where /2 and J, are sound in- 
The common logarithm, base 10, has been 
By definition the decibels are 10 times as many, 


tensities. 
adopted. 


0: 

Is 

db = 10 log 

iF 
rhe decibel happens to represent the smallest change the 
ear can perceive. Decibels may also be expressed in 
terms of sound pressure ratios. From Equation 1 substi- 
tuting for / in Equation 2 we have— 

P} 


pc 
db = 10 log —— 
P; 
pe 
and cancelling the pC 
P? 
db = 10 log — 


and bringing the square into the coefficient 
P: 
[3] 


db = 20 log 

P,; 

You are apt to meet in your work decibels based on 
either intensities or pressures and you might be puzzled 
by the coefficient 10 for intensities and 20 for pressures. 
soth the intensities and pressures in the equations are the 
square roots of the average of the squares of the instan- 
taneous values of their actual wave quantities and are 
usually referred to as root mean square, or RMS, 


values. 
Sound Meters 


Accurate meters have been developed that measure the 
ratio of sound pressures in decibels. These machines con- 
sist of a microphone, preferably of the condenser type, 
amplification of the microphone impulses, and a meter to 
measure the electrical energy. Earlier instruments de- 
pended on the matching of two sound intensities, one of 
known magnitude, by human hearing; but this method 
has been almost completely discarded. 

In using the modern instrument, the acoustimeter, to 
measure the noise of a fan, motor or other apparatus, a 
reading is first taken of the room level with the fan not 
running. Then another reading is secured with the fan 
in operation. It is apparent that, if /, is the actual in- 
tensity of the roém noise, our first reading must be 10 
times the common logarithm of the ratio of this /, to 
some reference intensity. /,. This /, is the reference level 
the meter is calibrated and designed to work from. Un- 
fortunately there are at the present time three reference 
levels in use by instrument manufacturers. 

One is based on a sound pressure of one millibar, or 
0.001 dynes per sq em, chosen arbitrarily for the con- 
venience of the round figures. The second is based on 
the minimum audible intensity of sound, called the 
threshold of audibility ; but also, unfortunately, this quan- 
tity has varied in different experiments, and some instru- 
ment makers place it at a sound pressure of 0.425 milli- 
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bars and some at 0.6 millibars. (The millibar is o: 
thousandth of a dyne per sq cm). The American Star 
ards Association has suggested a reference level of 0.21 
millibars—again for the convenience of a round numb 

1 x 10*° watts per sq cm, which appears when inten: 
ties instead of pressures are used. 

These references vary by approximately seven decil 
intervals, so that a sound of 30 decibels on the A.S 
reference of 1.0 x 10°* watts (decimal point fifteen zer. 
and then 1) would be 23 db from the threshold of au 
bility reference and 16 with the one millibar instrume: 
This same difference of 7 db between the three bas 
holds no matter what the amount of the decibels may 
so it is a simple matter to transfer from one to another 

Until this matter has been standardized, it is apparent 
that the decibels of our room sound means nothing w 
less we give our reference level, or “zero” as it is usual 
and somewhat carelessly termed. 

[A_ second article will give examples of calculations a 
specifications. | 





Study Air Conditioning Costs 


R ESULTS of a preliminary survey on the cost of air 
conditioning were reported to the recent annual 
convention of the National Association of Building Own 
ers and Managers by the chairman of the joint commit 
tee on air conditioning, William E. Malm. The study 
was based on data obtained by questionnaires on 20 in 
stallations of 100 tons or over and 22 installations of less 
than 100 tons. It was stressed that definite conclusions 
should not be drawn from the figures presented becaus« 
of the limited data available and relatively brief ope: 
ating experience. The survey is to be continued. 

For the plants of 100 tons and over it was found the : 
average area served per ton of capacity was 300 sq fi 
the average cost per ton of capacity was $448, the averag: 
cost of installation per sq ft was $1.50, and that the aver 
age size of these plants was 223 tons. Annual operating 
and owning cost was determined to be 29.8c¢ per sq ft, in 
cluding 18.lc per sq ft for capital requirements. 

For the plants of less than 100 tons the average area 
served per ton of capacity was 380 sq ft, the average cost 
per ton of capacity was $428*, the average cost of instal 
lation per sq ft was $1.13, and the average size of thes 
plants was 32.9 tons. Annual operating and owning 
cost for the installations of less than 100 tons was found 
to be 31.le per sq ft, allowing 13.4c per sq ft for capital 
requirements. 


Check Survey of 26 Proposals 


A check study was made based on information fm 
nished by a large manufacturer of air conditioning appa 
ratus which represented proposals they had made for tl 
installation of air conditioning apparatus in 26 buildings 
involving 1,607,000 sq ft of net rentable area. The ave: 
age size of these installations was 153 tons, the averag: 
area served per ton of capacity was 403 sq ft, and t! 
average cost of installation per ton of capacity was $364 
In these 26 proposals the installation cost ranged fro 
$278 to $703 per ton of plant capacity. 


"It is not known why the cost per ton of the smaller plants covere: 
the study was less than the figure for the larger ones.—Ed 
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ton, Dr. C. A. Mills, André Missenard, T. H. Urdahl*, 
E. L. Weber. 


le. Air Conditioning in Industry: A. E. Stacey, Jr.*, Chair- 
man; Philip Drinker, Dr. Leonard Greenburg, H. P. 
Greenwald, A. M. Kinney, J. W. Kreuttner, L. L. Lewis, 
Dr. W. J. McConnell, Dr. C. P. McCord, P. A. McKit 
trick, Dr. R. R. Sayers. 

Air Cleaning and Atmospheric Impurities. 

H. C. Murphy, General Chairman 

2a. Mechanical Procedures: Dr. Leonard Greenburg. Chair- 
man; J. J. Bloomfield, W. H. Carrier, R. S. Dill, Theo- 
dore Hatch, C. E. Lewis*, A. L. Simison, W. O. Vedder. 


2b. Electrical Prectpitation and Sterilisation Dr. E. B 
Phelps, Chairman; H. E. Adams,* R. D. Bennett, L. W 
Chubb, L. R. Koller, G. W. Penney, W. F. Wells. 


. Radiation and Comfort Winter and Summer and Effect of 


Pp 


Varying Humidity on Radiant Heating and Cooling: J. C. 
Fitts, Chairman; A. A. Adler, A. H. Barker, W. D. Flem- 
ing, R. P. James, Dr. C. A. Mills, D. W. Nelson*, W. R. 
Rhoton, W. W. Timmis, G. R. Wait, S. L. Warren, C.-E. A. 
Winslow*, C. F. Wood. 

Weather Design Conditions: T. H. Urdahl*, Chairman; J. C. 
Albright, F. S. Cornell, John Everetts. Jr.. E. W. Goodwin, 
\. C. Grant, J. H. Kincer, O. A. Kinzer, J. W 
L. S. Ourusoff. 

Transportation Air Conditioning: J. H. Van Alsburg*, 
Chairman; W. 1. Cantley, T. R. Crowder. A. G. Dixon, C 
C. Elmes, L. H. Laffoley, E. A. Russell, W. E. Zieber. 

Radiation with Gravity Air Circulation: M. K. Fahnestock*, 
Chairman; B. C. Benson, H. F. Hutzel, J. P. Magos, J. W. 
McElgin. J. F. McIntire, D. W. Nelson*, T. A. Novotney, 
W. A. Rowe. 

Heat Transfer of Finned Tubes with Forced Air Circulation: 
G. L. Tuve*, Chairman; W. FE. Heibel. H. F. Hutzel, R. F. 
ld R. H. Norris, C. H. Randolph, L. P. Saunders, C. F. 


“Member of Committee on Research. 
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. Summer Air Conditioning for Residences: M. 


Lewis D. W. NeEtson 
C.-E. A. WINsLow 
Three Years 
.. FAHNESTOCK W. L. FLeIsHER R. J. TENKONOHY 
T. H. Urpant B. M. Woops 
9. Cooling Load in Summer Air Conditioning: J. H. Walker*, 
Chairman; C. M. Ashley, John Everetts, Jr., F. H. Faust, 


A. E. Knapp, L. S. Morse, A. E. Stacey, Jr.*, R. M. Strike- 
leather. 


Solid Fuels: W. A. Danielson*, Chairman; Hi. N. Favenson, 


A. C. Fieldner, A. J. Johnson, Percy Nicholls, V. F. Part 
H. J. Rose, J. E. Schoen, L. E. Seeley, | lr. Selig, R. A 
Sherman, R. Templeton Smith, C. Tasker* 


K. Fahne- 
stock*, Chairman; E. A. Brandt, John Everetts, Jr., Elliott 


Harrington, H. F. Hutzel, E. D. Milener, K. W. Miller, 
R. E. Robillard, F. G. Sedgwick, J. H. Walker*. 

Air Distribution and Air Friction: J. H. Van Alsburg*, 
Chairman; S. H. Downs, M. K. Fahnestock*, F. J. Kurth, 
R. D. Madison, L. G. Miller, D. W. Nelson*, C. H. Ran- 


dolph, Ernest Szekely, G. L. Tuve*. 


Heat Requirements of Buildings: P. D. Close, Chairman 
W. H. Badgett, E. F. Dawson, W. H. Driscoll, E. K. Camp- 
bell, H. M. Hart, H. H. Mather, F. B. Rowley, R. J. J. 
Tennant, J. H. Walker*. 


Air Conditioning Requirements of Glass: M. L. Carr, Chair- 
man; F, L. Bishop, A. N. Finn, S. O. Hall, E. H. Hobbie 
R. A. Miller, F. W. Parkinson, Harold Perrine, W. ¢ 
Randall, L. T. Sherwood, J. T. Staples, C. Tasker*, G. B 
Watkins, F. C. Weinert. 


Insulation: W. A. Danielson*, Chairman; E. A. Alicut, 
R. E. Backstrom, H. ( Bates, Wharton Clay, H. ¢ Dicki 
son, J. D. Edwards, W. V. Hukill, E. C. Lloyd, Paul M: 
Dermott, W. E. McMullen, R. T. Miller, W T. Miller 


Rogers, F. B. Rowlev, W. S. Steele, R 


Wilkes 
Parkinson, Chairman; C. M. Ashley, 


E. R. Queer, T. S 
Tenkonohy*, G. B 


Sound Control: J. S. 


G. F. Drake, A. M. Greene, Jr., A. L. Kimball, V. O. Knud 
sen, R. F. Norris, C. H. Randolph, J. P. Reis, W. P. Roop 
A. E. Stacey, Jr.*, G. T. Stanton, F. R. Watson 


Cooling Towers, Evaporative Condensers and Spray Ponds 
B. M. Woods*, Chairman; J. C. Albright, S. C. Coey, E. R. 
Goodrich, E. H. Hyde, E. H. Kendall, S. R. Lewis, O. W 
Ott, E. H. Taze 


Psychrometry: F. R. Bichowsky, Chairman; C. A. Bulkeley, 
J. A. Goff, A. M. Greene, 7. F. G. Keves, D. W. Nelson* 
W. M. Sawdon. 


Corrosion in Steam Systems: A. R. Mumford, Chairman; 
H. E. Adams*, J. F. Barkley, W. H. Driscoll, T. J. Finne- 


gan, R. M. Palmer, R. R. Seeber, F. N. Speller, C. M 
Sterne. 
Corrosion in Air Conditioning Equipment: A. E. Stacey, 
Jr.*, Chairman; A. F. L. Anderson, G. L. Cox, M. L. Diver, 
W. R. Heath, C. FE. Lewis*, R. M. Palmer, F. N. Spelles 
C. M. Sterne, J. H. Young 
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ATLANTA: Organized, 1937. Headquarters, Atlanta, Ga. 
Veets, First Tuesday. President, C. L. Tempiin, 348 Peachtree 
St. N. E. Secretary, H. K. McCain, 1311 W,. Peachtree St., N. E. 


Headquarters, Cincinnati, 
President, O. W. Motz, 
KRAMIG, 


CINCINNATI: Organized, 1932. 
QO. Meets, Second Tuesday in Month. 
2524 Moundview Dr., Norwood, O. Secretary, R. E. 
Jr., 222 East 14th St. 


GOLDEN GATE: Organized, 1937. Headquarters, San Fran- 
Meets, First Tuesday. President, B. M. Woops, 
Secretary, G. J. CUMMINGS, 113 


cisco, Calif. 
Univ. of Calif., Berkeley, Calif. 
Tenth St., Oakland, Calif. 


ILLINOIS: 
Veets, Second Monday. 
Secretary, M. W. 


Organized, 1906. Headquarters, Chicago, Ill. 
President, J. R. Vernon, 1355 Wash- 
ington Blvd. BisHop, 228 N. La Salle St. 

IOWA - NEBRASKA: Organized, 1937. Headquarters, 
Omaha, Neb. President, W. R. Wuire, 4339 Larimore Ave., 
Omaha, Neb. Secretary, R. L. Henpricxson, 1129 South 35th 
Ave., Omaha, Neb. 


KANSAS CITY: Organised, 1917. 
City, Mo. Meets, Second Monday in Month. 
Stuss, 827 Mississippi Ave., Lawrence, Kan. 
914 Campbell St. 


Headquarters, Kansas 
President, A, H. 
Secretary, GUSTAV 
NOTTBERG, 


MANITOBA: 
Man. Meets, Fourth Thursday. 
Wardlaw Ave. Secretary, E. J. 


Organized, 1935. Headquarters, Winnipeg, 
President, D. F. Micute, 492 
Arcug, Ste. 23, Estelle Apts. 


MASSACHUSETTS: Organised, 1912. Headquarters, Bos- 
ton, Mass. Meets, Third Tuesday in Month. President, James 
Hott, Massachusetts Institute of Technology, Cambridge, Mass. 
Secretary, H. C. Moore, 69 Massachusetts Ave., Cambridge, 
Mass. 


MICHIGAN: Organised, 1916. Headquarters, Detroit, Mich. 
Meets, First Monday after the 10th’of the Month. President, 
F. J. Linsenmeyer, University of Detroit. Secretary, G. H 
TutTtLe, 2000 Second Ave. 


WESTERN MICHIGAN: Organized, 1931. Headquarters, 
Grand Rapids, Mich. Meets, Second Monday in Month. Presi- 
dent, C. R. McConner, 1904 Waite Ave., Kalamazoo, Mich. 
Secretary, W. G. ScHLICHTING, 1417 W. Lovell St., Kalamazoo, 
Mich. 


MINNESOTA: Organized, 1918. Headquarters, Minneapolis, 
Minn. Meets, Second Monday in Month. President, J. E. Swen- 
son, 800 Hennepin Ave., Minneapolis, Minn. Secretary, M. H. 
Bjerken, 4952-17th Ave., S., Minneapolis, Minn. 


MONTREAL: Organized, 1936. Headquarters, Montreal, 
Que. Meets, Third Monday. President, F. J. FrrepMANn, 1221 
Osborne St. Secretary, C. W. JoHNson, 630 Dorchester St., W. 


NEW YORK: Organized, 1911. Headquarters, New York, 
N. Y. Meets, Third Monday in month. President, H. G. Menke, 
Rm. 1500, 4 Irving Pl., New York, N. Y. Secretary, T. W. 
ReyNno.ps, 100 Pinecrest Dr., Hastings-on-Hudson, N. Y. 


WESTERN NEW YORK: Organised, 1919. Headquarte) 
Buffalo, N. Y. Meets, Second Monday in Month. Preside) 
J. J. LAnpers, 701 Crosby Bldg. Secretary, W. R. Hearn, 1 
Wingate Ave. 


NORTHERN OHIO: Organized, 1916. Headquarters, Cle\ 
land, O. Meets, Second Thursday in Month. President, Pun 
Conen, 401 East Ohio Gas Bldg. Secretary, C. A. McKeema 
Case School of Applied Science. 


OKLAHOMA: Organised, 1935. Headquarters, Oklahon 
City, Okla. Meets, Second Monday. President, E. W. Gra 


Box 1498. Secretary, A. A. Hoppe, 1941 Northwest 17th S 


ONTARIO: Organized, 1922. 
Meets, First Monday in Month. 
Royce and Lansdowne Aves. Secretary, H. R 
St., W. 


Headquarters, Toronto, Ont 
President, H. B. Jenne 


RotuH, 57 Bloor 


PACIFIC NORTHWEST: Organised, 1928. Headquarte; 
Seattle, Wash. Meets, Second Tuesday in Month. President 
C. W. May, 1201 Smith Tower. Secretary, R. D. Morse, 1: 


First Ave. S 


PHILADELPHIA: Organized, 1916. Headquarters, Phila 
delphia, Pa. Meets, Second Thursday in Month. President 
H. H. Ericxson, 1124 Spring Garden St. Secretary, H. H 
MATHER, 1000 Chestnut St. 


PITTSBURGH: Organised, 1919. Headquarters, Pittsburg! 
Pa. Meets, Second Monday in Month. President, J. F. Cotitns 
Jr., 435 Sixth Ave. Secretary, T. F. RocKwett, Carnegie Inst 
Tech, 


ST. LOUIS: Organized, 1918. Headquarters, St. Louis, Mo 
Meets, First Tuesday in Month. President, E. E. Cartson, 101 
Louderman Bldg. Secretary, D. J]. Facrn, 1017 Olive St. 


SOUTHERN CALIFORNIA: Organized, 1930. Headquarter: 
Los Angeles, Calif. Meets, Second Tuesday in Month. President 
E. H, Kenpatt, 1978 S. Los Angeles St. Secretary, J. F. Pare 
1234 South Grand. 


TEXAS: Organised, 1936. Headquarters, College Station 
Texas. President, H. W. SKINNER, 4816 Dexter St., Fort 
Worth, Tex. Secretary, W. H. Bapcett, Texas Engrg. FE» 
periment Station, College Station, Tex. 


WASHINGTON, D. C.: Organized, 1935. Headquarter 
Washington, D. C. Meets, Second Wednesday in Month. Pres 
dent, L. Ourusorr, 411 Tenth St... N. W. Secretary, L. F. Now 
DINE, 1772 Columbia Rd. 


WISCONSIN: Organized, 1922. 
Wis. Meets, Third Monday in Month. 
son, University of Wisconsin, Madison, Wis. 
HucGuey, 906 N. Fourth St. 


Headquarters, Milwauke 
President, D. W. Nt 
See retary, sy \ 
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Air Filter Performance as Affected by 
Kind of Dust, Rate of Dust Feed 


and Air Velocity Through Filter 


By Frank B. Rowley* and Richard C. Jordan** (MEMBERS), Minneapolis, Minn. 


This paper is the result of research sponsored by the AMERICAN 
Society OF HEATING AND VENTILATING ENGINEERS in cooperation 
with the Engineering Experiment Station, University of Minnesota. 


T is difficult to set up a laboratory test procedure 
which will measure the characteristics of an ait 
filter and give reliable data by which its perform 
ance on a particular type of work can be predicted. This 
is due partly to the lack of a simple, standard method of 
measuring the amount and quality of dust in the air, and 
partly to the difficulty of selecting test conditions which 
will simulate practical requirements for a filter. 

In 1933 the AMERICAN SOCIETY oO} 
VENTILATING ENGINEERS adopted a Standard Code for 
Testing and Rating Air Cleaning Devices Used in Gen 
eral Ventilation Work. 


performing an accelerated service test on a filter. A 


HEATING AND 


This code provides a method of 


dust mixture prepared to represent the average dust 
found in air is mixed into the air stream leading to the 
filter. 
before and after passing through the filter. 


The amount of this dust in the air is measured 
Air velocity 
and limiting pressure drop across the filter are selected 
to meet average filter requirements, 

In formulating this code there were many variables to 
consider and part of the conditions had to be selected 
arbitrarily to make up a workable test procedure. Some 
of the controversial questions were : 

1. A suitable method of measuring the dust concentration 
in the air entering and leaving the filter. 

2. The preparation of a synthetic dust mixture which would 
have the properties of a dust found in average air 

3. The maximum allowable dust concentration that could be 
used for the air entering the filter without handicapping the 
performance of the filter 

1. A representative air velocity through the filter during the 
test period. 


Methods of Measuring Dust Concentration in Air 


\n accurate method of measuring the amount of dust 
in the air before and after passing the filter is an essen- 
tial requirement of a test code. Several methods have 
been proposed, but no single method gives all of the 
properties of the dust which should be 
complete analysis. Of 


known for a 


these various proposals, the 

_ Director, Engineering Experiment Station, University of Minnesota 
Instructor, Engineering Experiment Station, University of Minnesota 

Mresented at the Semi-Annual Meeting of the American Soctery 


HEATING AND VENTILATING ENG! NeeRs, Hot Springs, Va., June, 1938 
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weight method was finally selected as the best adapted 
to an accelerated laboratory test In using is met 
a known weight of dust is mixed with the air entering 
the filter, and the weight in the air strean leaving tri 
filter is measured by passing a small percentage o 

air stream through a fine grain alundum crucible. Wit! 
careful laboratory technique this method gives accurate 
results, but it does not give any information as to dust 


particle size nor is it a practical method to be used out 
side of the laboratory or for ordinary dust concentrations 
in the air It is a decided handicap to confine all filte 
tests to tedious laboratory procedure, and it would be 


very desirable if some other method could be devised 
for measuring dust concentration which would be pra 
tical as a field test and which might be substituted for, or 


else be used parallel with, the present code met 
Synthetic Dust 
The standard synthetic dust selected 


V. E. Air Filter 


weight of powdered lampblack containing a minimum of 


the \.S.H 


Code consists of 50 per cent \ 


97.5 per cent free carbon and having a minimum bulk 
value of 3.5 lb per cubic foot, mixed with 50 per cent by 
weight of Pocahontas bituminous coal ash screened t 


pass a 200 mesh screen. There are many varieties of 


dust in the air. The density, particle shape and siz 


as well as other characteristics, vary through wid 


ranges. Experience has shown that the type of dust 
passed through a filter may have a marked effect on its 
arrestance, and that a given dust may not have a lik 
effect on the performance of two different types of fil 
ters. It is generally agreed that the dust in average ait 
contains far less than 50 per cent by weight of carbon 


black. 


From this it is evident that the synthetic dust 


mixture as specified by the Code should have further 
investigation, and should be modified to simulate more 
nearly the dust which must be handled by the averag: 


filter. 
Dust Concentration in the Air 


The Code specifies a dust concentration of 0.35 


(gram) of the mixture per 1,000 cubic feet of air pass 












Journal 


ing through the filter. This represents a much greater 
weight of dust per unit volume of air than would be 
found under ordinary conditions, but it is necessary to 
increase the weight in order to shorten the time of a 
filter test, and also to have a dust concentration in the 
air leaving the filters which can be cleaned out of the 
air and weighed by practical methods. The criticism 
of this part of the Code has been due to the uncertainty 
as to the dust arrestance of some types of filters when 
using heavy concentrations of dust as compared with 
the arrestance of these filters under normal operating 
conditions in which very much lighter dust concentra- 
tions would be used. 

It has been contended that when heavy dust concen- 
trations were used the viscous fluid on certain types of 
filters would not penetrate the initial layers of dust 
rapidly enough to make them efficient in catching the 
succeeding dust particles, whereas under ordinary oper- 
ating conditions more time would be available for the 
dust particles to be penetrated by the viscous fluid, and 
thus a continuously active dust catching surface would 
be provided. This is a question which can be settled 
only by more experimental work. 


Air Velocity Through Filter 


The optimum air velocity is probably different for 
different types of filters. Tor stationary filters the code 
specifies from 250 to 350 fpm through the gross face 
area of the filter, depending upon the type. There is a 
tendency in some types of apparatus to increase these 
velocities on account of the limited area available for 
installation of the filters. The increased velocity has a 
direct effect on the air pressure drop across the filter, 
and may have an effect on the arrestance of the filter. 
The effect on arrestance cannot, however, be predicted 
with the same certainty as the effect on air pressure 


drop 
Tests on Railroad Air Filters 


In the spring of 1937 the Research Committee of the 
Association of American Railroads decided to make a 
series of tests on those filters which were in common 
use for air conditioning work in railroad cars. Prepara- 
tory to these tests representatives of all filter manufac- 
turers interested in railroad air filter work were invited 
to a conference to discuss the advisability of making cer- 
tain changes in the test procedure as outlined by the 
Code. As a result of this conference, together with the 
results from an examination made of several samples 
of dust collected from railway air conditioning systems, 
a new dust mixture was selected and other slight modifi- 
cations were made in the test procedure. 

The dust mixture selected consisted of 50 per cent by 
weight of Pocahontas ash screened through a 200 mesh 
screen, 20 per cent by weight of Illinois fly ash screened 
through a 200 mesh screen, 20 per cent by weight of 
lampblack meeting the Code specifications, and 10 per 
cent by weight of Fuller’s earth. These pere-ntages 
were mixed together and screened through a 100 mesh 
screen to insure uniformity of mixture. The dust mix- 
ture was fed into the entering air at the rate of 0.4 g per 
1,000 cu ft of air passing through the filter, and the 
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i a* ~ 
Pack Arrangement | 
Screen Na. Construction ae 
/ Large Mesh Retanng Xreen 
2-5 Lxpanded Metal- Corrugated for 
Depth 
6-H fxpanded Meta/ 
2 Sarme as 6-// but unth three 
horizonta/ ribs 4° in depth 
3f3JR, | 2Layers copper Mesh screen — 
19,21, 23 60 Q0e7/NGS PEF 39.1. 
or Same as 6-// 
24 Rear Helaimnng Screen 
Fig. 1—Construction details of filter A 


rate through the filter was set at 300 fpm face velocit) 
Thus the deviation from the Standard 
Code was in the dust mixture selected. 
was devised for rating a filter on its capacity to remove 
This test, however, has no relatior 


greatest 


lint from the air. 
to the present investigation. 


Extent of Present Investigation 


j 
| 


The many questions which have arisen in regard 


Later a test 


the adequacy of the Standard Test Code for determining 


the operating characteristics of different types of filte: 
have shown the need for an extended investigation co\ 
ering several phases of the subject. The present invest 


gation covers three major points. 





1. The relation between dust concentration in the air and filter 


arrestance. 


2. The relation between air velocities through the filter and 


filter arrestance. 

3. The relation of different types of dust and dust mixtur 
to filter arrestance. 
In making the investigation four commercial filte 
were selected as representative of four types in commo! 
use, 
each series of tests and designated as Filters 4, B, 
and D. 

Filter A, shown in Fig. 1, is a recleanable type ma‘ 
up of 24 layers of metal screen as indicated in the sket: 
These screens were graded in mesh and arranged 


give a progressive pack for the filters. The filter wa 


reconditioned between tests by thoroughly cleaning wit! 


trisodium phosphate, thoroughly drying, and dipping 
a bath of filter oil at 150 F. The filter oil was allow 
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These four types of filters were used throughout 
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va FAP 
— an 2 
foleed Section 
tara A-A 
Pack \Thich-| flber flber fa 
(No. ness | LDiamerler Length Condition 
/ £ \252 Micrans \ 225 ftheuin| Oiled 
Ba Heavil, 
2 4 1252 Microns|\ 1271 foun Olle td 
3 3° |S Microns \/4fftfcuin.| Oiled 
Fig. 2—Construction details of filter B 


to drain for about 4 hours 1m an oven at 
properties of the filter oil are shown in Table 1. 


The 
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150 F. 
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Construction details of filter ¢ 


























order to expedite the work two of these filters were - r =:) ] 
selected which had the same initial air resistance across MUL UUUL HH RHE | 
the filter when cleaned but not oiled. After the filters t a|e|\e S i te 
were prepared for tests the air resistance across the filter Ss fd dd nile 
was substantially the same. The slight differences were Mileie a8 By SH HH | 
probably due to the difficulty of getting the filter abso rn N sisisisinia i slinininia ri 
lutely clean after each test and covering it with a uniform me slnisisisisiaiaiais ‘ mt} | —2 Xv, 
film of oil. The differences in initial pressure were very ilsisie s sininininie a NY 
slight and were considered to have no major influence é AOOAAAAARAAN 
4 & on lanlon = b+ rh 4p4ryra4pae 4 2 
on the test results. 6S : 
? : : a ae Sd El ee | om fae font ant elon tani onloelantant lites 
Filter B, shown in Fig. 2, is a throw-away type made $ at 
from viscous coated fibers graded as indicated in the - a ! 
: : ’ - . —_— : £ 
sectional view. New filters were selected for each test. +}——~ ~ 192 rr 10 “| 
Filter C, shown in Fig. 3, was a throw-away type Front gtdos find 
- - ~ 4 23 
made up of two layers of cells set at an angle to each 4 Mes’ = F -< 
in 


other such that the air in passing through the filter 
must impinge on the sides of the cell. The size of the 
cells was graded to give better distribution of the clean- 
ing effect. New filters were used for each test. 

Filter D, shown in Fig. 4, was made up of a light 
cotton filter pad glazed on one side. The filter material 
appeared to be very uniform in texture and the assem- 
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Cotton Filtering Medium £7 



































Jection A-A 
Table 1—Properties of Viscous Coatings Used on Filters 
A, B, and C 
2: filtering Mediwm: Coetlton - glazed on back sde 
| Saysoit Unrversat Viscosity, | 
Ou | Frasu| Fire | Pour |_ coc Cae te filtering Area: 34. /5 sgt 
Point | Point | Point | vo P 081 ie? ner yy 
0 R y Asu 
| —— renbnitt Banat Larson bo Weight of Filtering Medium :- 9.85 grams per sg./t 
Filter 4 | 505F | 575F | 10F! 4011 | 1222] 486 93 1.50 
Filter B 455F | 585F |} 20F | 1170/| 426] 230 — | 2.64 ; 1 : 
ae es Ratio of Area of filtering Medium to 
|  tnedieenengtenenededinis Cross Sectional Area of Duct :- 42.3 
| | | | 100 F | 122 F | 210 F | 
Pilter€ | 560 F | 900F | OOF | 2040 | “805 7i_ | 6.06 
L Fig. 4—Construction details of filter D 
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Table 2—Properties of Dusts Used in Tests screened through a 325 mesh screen for purposs 
’ analysis only. This screen passed 77 per cent of th 





DENsiTy SCREEN ANAI 
_ Grams per cc | Per Cent sy Weicut | Holston ash and 75 per cent to 87 per cent of the Pocahor 
over (ake eae Heat yo ah. A 325 mesh screen will permit passage of parti: 
eed 4 Py A eed ty hom having a minimum diameter in one direction of 
eee microns. There was a considerable amount of variat 
Passed 100 mesh 0.412 | 0 600 5.1 in the results of this test on various samples of dust 
Fly Ash from Ill. Coal indicated in the last two columns, Fuller’s earth sho 
Passed 200 mesh 0 488 0.740 Approx. 23) Approx. 77 02 ; . , 
on nrg the greatest moisture absorption with lampblack, 
Passed 200 mesh 0.455 | 0.766 | Approx.19| Approx.81} 0.15 Cottrell ash next, and with Illinois fly ash and P. 
Cottrell Ash hontas ash showing the least. 
Passed 100 mesh 0 888 1.285 | 0.98 
Lampblack 
Passed 100 mesh 0.128 | 0.156 1.18 Test Apparatus and Procedure 
*) Per Cent Pocahontas wd 
mthenalietoen vote Ln hte With the exception of the dust feeding device th 
ne Sete sembled test apparatus shown in Fig. 5 is the sanx 
20 Per Gent Lampblack er tai Tite that specified in the A.S.H.V.E. Standard Cod 
a vo Testing Air Cleaning Devices. The main test duct i 
20 in. square and 9 ft long, connected by a redu 
section 3 ft long and a 12 in. diameter section 5 ft 
bled filter gave substantially the same initial resistance to an exhaust fan. The test filter is placed in 
for each test. In this case one frame was used for all 20 in. square duct with the exhaust face about & 
tests, the filter media being replaced between tests. from the reducing section. A direct current drive 
There was naturally some slight difference in the ini able speed fan is used to draw the air through the fil 
tial resistance of the various filters selected from each the volume being measured by a standard rounded 
group. These differences were small and were consid fice and the pressure drop across the filter being m 
ered to have no material effect on the final results of ured by a standard inclined water gage. 
the tests. The dust feeding apparatus is shown at the left 
Filters A, B, and C were of the viscous coated type Fig. 5 and consists of a revolving disc upon whicl 
and the properties of the coatings as determined in the dust sample has been evenly distributed in a ring 
laboratory are shown in Table 1. uniform thickness. The disc containing the dust samy 
is placed on a rotating plate and a continuous unii 
Characteristics of Dust Used in Tests ribbon of dust is shaved from the outside edge of 
dust ring by a specially designed knife edge fastene: 
Some of the properties of the dust used in the tests the end of an air tube. Air is drawn through this 
are shown in Table 2. The densities were determined by a low pressure air line and Venturi tube. Thx 
under two conditions, first loose, and second jolted to locity of the entering air picks the ribbon of dust 
maximum density. For the loose densities, measure the rotating plate and carries it through a tube t 
ments were made by pouring the dust into a container distributing nozzle at the entrance of the filter test apy 
without jolting and for the maximum density the dust ratus. The circular plate carrying the disc is rotat 
in the container was jolted until no further settling took by a friction wheel in contact with the disc direct! 


place. As may be noted from the figures in the 
table, the ratio between maximum density and 
loose density varies from 1.22 for lampblack 
to 1.68 for Pocahontas ash, with an average of 
about 1.5 for all types used. 

The density of the mixed dust as used in the 
tests was less than the weighted densities of the 
constituent parts. For instance, the maximum 
density of a mixture consisting of 50 per cent 
Pocahontas ash, 20 per cent lampblack, 20 per 
cent Illinois fly ash, and 10 per cent Fuller's 
earth gives a maximum density of 0.480 g per 
cubic centimeter, or 23 per cent less than the 
weighted density of the constituent parts, 
which was 0.622 g per cubic centimeter. The 
maximum density of a 50 per cent mixture of 
Pocahontas ash and lampblack was 0.316, or 
about 31 per cent less than the maximum 
weighted density of the constituent parts, 
which was 0.461 g per cubic centimeter. All 
of the different dusts were passed through the 
screen as indicated for the tests, and in addi- 
tion the fly ash and Pocahontas ash were Fig. 5—Assembled view of test apparatus 





Hearinc, Preinc ann Arm Conpitioninc, Aucust, |99° 


a 
— 
tw 





dum crucible was checked by running the test apparatu 


with no filter in the air stream. In these tests the amour 
of dust as measured by the crucible met! 

maximum variation of approximately 5 per cent 

that actually fed into the filter, and the averag: 

was 1.6 per cent. For a filter of 90 per cent 

a variation of 5 per cent in the weight of dust 

the filter would give a maximum possible er1 


per cent in the over-all arrestance of 


Procedure for Dust Concentration Tests 


Filters A, B, C, and D were all use 
The dust mixture consisted of 50 per cent 
Pocahontas ash screened through a 200 mesh screen, 2! 
per cent by weight of Illinois fly ash screen 
2ZVU0 mesh screen, 20 per cent by wel 
(Germantown Eaglebrand) screened throug " 


mesh screen, and 10 per cent by weight of Fulle: 


all thoroughly mixed and screen 





flee ais" screen. A face air velocity of 300 fpm wa 
Fig. 6—Apparatus for distribution of dust sample on plate thin dente ectebieen wen fed ites the H Pete " 
; pe ; of 10, 20, 30, 40, 60, and 100 g of dust pe: 
under the dust pick-up tube. rhe rotating plate is pave dust concentrations of 0.2 0.4. 06. 08 , 
moved forward by a screw mechanism which is operated 2.0 g per 1,000 cu ft of air respectively, For 
at a constant relative speed to the rotating plate. Thus 


the ring of dust moves up toward the cutting knife at a 
constant speed, and since the tangential velocity of the 


in which it was evident from preliminary test 
small variations in the dust concentration 


‘ Leonif ' : , ’ reat effect on the filter arr« stance, a part it the sm 
disc under the cutting a is ee constant by fed teste was omitted. In all of the tects the reauir 
the friction wheel underneath, the dust ribbon 1s of un amount of dust was fed into the air stream lead 


form cross section and there is a constant rate of dust 
feed to the filter. 

In preparing the dust samples, aluminum discs simi 
lar in shape to phonograph records are used and placed 


the filter at a constant uniform rate, and the arrestane: 
were taken at the end of each one hour period. ©r 
basis each test was continued until the air pressuré 


r : A i; T) across the filter reached 0.4 in. of water 
in the dust distributing apparatus show ‘ig. 6. 1€ , , —eT . 
’ t . “at - uting ippat atus ye r in 5 Che results of these testS are shown in Lables ot ‘ 
sc 18 Ck ee ow < ace plate Dy <¢ ‘T an . . ~ © . , 
GISC 18 ¢ oe n to : paar ice I rs y an mean ei inclusive, and in Figs. 7, 8, 9, and 10 for Filters RY 
oute ing. ! required weight of du 1 acer c , 
. a S 2 nis ? . : 5 it t cust Ss] , and J), respectively In order that the curves 
twee ese rings ; eveled off by a rotating scraper ; 
17 - , ee coe See t by a rotat -- Se 2 filter might be on a comparable basis the air resistance 

or leveling device. With thin dust samples of less than a ae fr gee WARES 
: across the filter and percentage arrestance wt 


about 60 ¢ total weight it was necessary to use a vibrat 7 
. § tota gt it was 1 aaty WO wre a against weight of dust fed to the filter in grams. In ea 
ing apparatus in order to distribute the dust evenly over as “aEr 
, - “ ne : case the points only are shown for the arrestance curvé 
the plate. With thick samples of dust it is possible to ann , ol , 
: z : : i x at teeds of 10 g per hour Due to the irreg 
omit this vibrating apparatus and still get uniform dust alt ; ' 
=e hapa these points the curves were omitted This irregu 
distribution. ~ : 
- ‘ was due to the difficulty of determining the s1 
In making a test the correct weight of dust for a one oe “eM ' 
he tag : ; ir creases in crucible weights necessarily accompanvi 
hour period is distributed on an aluminum disc. This ‘  s tad 
low rate of feed [wo crucibles were used alternat 


dise is placed in the distributing apparatus, the rate of 
feed being determined by the speed of the disc. The vol 
ume of air passing through the filter is adjusted by the 
speed of the fan or by controlling the fan discharge out 
let, and the air pressure drop across the filter is meas- 
ured at intervals by a water gage. The amount of dust 
in the air leaving the filter is measured by drawing a 
certain percentage of this air through a fine grain alun 
dum crucible for the continuous period of test and noting 
the gain in weight of the crucible due to the dust sepa- 
rated from the air. The arrestance calculations are based 
on the results of a one hour test. The dust arrestance 


throughout all tests. 


Referring to the figures in Table 3 and the cu 





Fig. 7, which record the performance data 

it will be noted that there are slight variations in arrest 
ance but no general trend to show an advantag: 
either the low or high rates of dust feed rhe highest 
dust holding capacities were for the tests in which the 
rates of feed were 20 and 60 g per hou Che highest 
arrestance was for Test No. 3 at 40 g per hour Phi 
dust holding capacity dropped off materially at a rat: 
feed of 100 g per hour, indicating that the filtes 
overloaded at this rate of feed. From 20 to 60 pel 


for a one hour period is calculated as given: leour. lscubever. the narformance of the Glter mar Re 
Weight of dust fed to filter—Weight of dust in air leaving filter sidered equally satisfactory for any rat the dust 
: Weight of dust fed to filter catching surfaces of the filter were well graded throug! 
100 = arrestance per cent. out the filter and at rates of dust feed below 60 g pel 
The accuracy by which the amount of dust in the air hour there did not seem to be a tendency to overload the 
leaving the filter could be measured by use of the alun- filter. 
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Table 3 


(Face Air Velocity 300 fpm. 


Test 
No 


(Face Air Velocity 300 fpm. 


RATE OF | 


FEED 


20 
40 
40 
60 
100 


Table 4 


lest 
No 


106 


12 
O02 


104 
103 
101 
107 


(Face Air Velocity 300 


(Face Air Velocity 300 


43 


RATE OF 
PEED 


10 
20 
30 
40 
40 
40 
60 
100 


Table 5 


RATE OF 
FRED 


10 
20 
40 
60 

100 


Filter A. 


INITIAL 
Rests 
0 225 
0.229 
0.220 
0.220 
0.230 


Filter B. 


INITIAL 
Resis 


146 
153 
150 
148 


152 


0 
0 
0 
0 
0 
0 
0 
0 


Filter C. 


INITIAL 
REsIs. 


0 
0 


142 
148 
0.142 
| 0.156 
0.147 


Table 6—Filter D. 


TEST 


N 
1 
l 


o 


10 
31 
13 


108 
109 


49 


| RATE OF 
Freep 


10 
20 
20 
40 
60 
100 


| 
INITIAI 
Resis 


0.086 
| 0.088 
0.091 
| 0.095 
0.090 
| O 
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and resistance curves 


Test Results for Different Dust 


Concentrations 


| LENGTH GRAM- 
or TEs? Houks 
32.8 656 
145 580 
15.1 604 
11.0 657 
5 2 520 


AVG 
ARREST 
ANCE 


> 

5 
3 
v 


Dust mixture 50, 20, 20, 10) 


Dt sT 
HOLDING 
CAPACITY 


503 8 
449 0 
483 6 
504 8 
411.9 


Test Results for Different Dust 


Concentrations 


LENGTH GRAM- 
or Trst Hours 
24.8 248 
j 15.8 316 
9 6 288 
8 0 320 
73 292 
8 7 347 
54 $24 
3.9 390 


Dust mixture 50, 


20, 20, 10) 
AvG Dus! 
ARREST HOLDING 
ANCE “APACITY 
80 0 199 8 
78.8 249 2 
81.3 233 6 
81.0 259 .2 
81.9 237 5 
81.7 282 .4 
| 82 0 264 6 
$2.8 322.8 


Test Results for Different Dust 


Concentrations 


fpm. 


LENGTH GRAM 
or TrEst Hours 
29.0 290 
15.6 312 
| 90 358 
6.0 360 
4 6 460 


Dust Mixture 50, 20, 


AVG 
ARREST 
ANCE 


7 
6s 


Nn 


= 


68 2 


( 
¢ 


$ 
) 
’ 
4 


9 


20, 10) 


Dust 
HOLDING 
CAPACITY 


210 7 
221.0 
250 3 
256 0 
313.9 


Test Results for Different Dust 


Concentrations 
fpm, 


| 


| LenctH | Gram 
| OF TEST | Hours 
. fae. 2a 
10 8 216 
11.4 | 228 
63 | 362 
4.1 246 
2.4 240 


| AVG. 
ARREST- 
ANCE 


89 
92 


92 


Ss 
0 
5 
°o 


Dust Mixture 50, 20, 20, 10) 


Dust 
HOLDING 
CAPACITY 

186 2 

198 5 
208 8 
233 5 
231.1 


+ +-—+— 





dpm 
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270 drams per Meuwr 
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$- +--+ $+ > + +++ +4 +44 444-4 
4 60 Grams per (leu 
$+ +—+}—+4-—_ +-_-—_ 4+ _+-_+-— +44 +_+_+_++_+ 44+ 
. 00 Grams per Mow 
+ $+ +--+ +p + pp pt 
+ - +--+ 44-4 +++ + + f+ 4.9 
$444 44 dd dd 
Send sewn = Sse aeverteeeews i 
342 360 330 400 420 440 460 480 400 520 340 460 $80 690 620 64@ 660 ST 
fest fed in Grams 


at various rates of dust feed for filter A 


Table 8 


Table 7—Average Dust Arrestances for Filters A, B, C, and D 


(Face Air Velocity 300 fpm. Dust Mixture 50, 20, 20, 10) 
Rats OF Dust Feep-—Grams per Hour 
FILTER =: 
10 20 30 40 60 TT 
77 5 
f 77.2 80 3 76.9 79 
81.0 
Rk 80.0 7A 8 81 3 81.9 82 0 82 8 
817 
( 72.3 72.0 on9 14 ON 
D 89 8 92 5 93 5 Mf m4 
92 0 


Average Dust Holding Capacity up to 0.4 in. Pressur: 


Drop for Filters A, B, C, and D 


(Face Air Velocity 300 fpm. Dust Mixture 50, 20, 20, 10) 
Rate or Dusr Feep—Grams PER Hour 
FILTER 
10 20 30 40 oo 1 
449 0 
/ 503 8 483 6 4 8 4] 
259 2 
BR 199 8 249 2 233 6 237 .5 264 6 $22 8 
282 .4 
ti 210 7 221.0 250.3 256 0 313 
D 186 2 198 5 233 5 231.1 222 
208 8 


The test results for Filter B are recorded in the fig 
ures of Table 4 and by the curves of Fig. 8. From thes 
results it would appear that the performance of the filte: 
improves as the rate of dust feed is increased. Howev 
there is a variation in the test results for different filters 
under the same test conditions as noted in Tests Nos 
104, 103, and 101, all of which were run at a dust co! 
centration of 40 g per hour on filters which had su! 
stantially the same initial resistance. In general, t! 
performance at rates of feed from 30 to 60 g of dust pe: 
hour checked within reasonable limits. The low du 
holding capacity at 10 g and high dust holding capac: 
at 100 g would indicate a better distribution of du 
throughout the filter at the high rates of feed than 
the very low rates of feed. 

The test results for Filter C are shown in the figures 
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Fig. 8—Arrestance and resistance curves at various rates of dust feed for filter B 
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ca of Table 5 and the curves of Fig. 9 
“Ts this filter, as in Filter AR othe veneral | 
2 formance characteristics tend to improve 

an with the higher rates of dust feed Vhe « 

ga8 holding capacity increases directly wit! 

| | rate of feed, and while there is a shght t 

dency for a reduction in dust arrestance 

the higher rates, this reduction is not g¢g 

and the average arrestance only drops 
a 42.3 per cent at 10 g of dust per hou 
‘Sie 68.2 per cent at 100 g of dust per | 
| The dust holding capacities for the low 


the high rates of feed are s 
Filters B and C 


same for 


The test 


lig 


pacit 


Sallie 


lt 
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capacity a 


pel hour 





7 
ubstantially 


results for Filter / 
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are ‘ 
in the figures of Table 6 and the curv 
For this filter the dust holding « 
mecreased with rate of dust feed f1 
10 to 40 ¢ per hour with approximately 
t 60 © per hou \r lox 
there is a tendency toward a d 
CTCAs 1! Is! le 11 
Aunetbondl pacity BR | rive i 
restance nl lust 
ny capactil ire lk \\ 
tor the 10 ¢ ate thar 
he highet LLCs | ) 
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20 to 100 ¢ t dus 
hour the atfrestances a 
substantially the sar 
7 the highest being at 60 
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4+—+—4+—_ +4 


Fig. 9—-Arrestance and resistance curves at various rates of dust feed for filter ( 
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Fig. 10—Arrestance and resistance curves at various rates of dust feed 


for filter D 
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. 0 Grems per Hour le ws: 
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. COGrams per Tour . 
nour the rate « ect 
ma 23 appreciable efiect 
Me 600 6420 «6440 460 480 S00 420 restance ; il 
types of filters teste 
conclt S701 Morrie 
reterence to lable 
shows a summary of the average arrestances al 
at different rates of feed The spread between the 
arrestance values for any given filter at different 
feed might have been reduced if more tests had be: 
determine the average value for each rate of dust fee¢ 
2. As shown in Table 8 there was but very littl 
in dust holding capacities in any of the filters due t 
the rate of dust feed from 20 to 60 g per hour. For 
and (© there was a marked increase in dust re 
pacities at a rate of 100 g per hour, and for Filters / 


J 






mav be drawn | 


SCTICS OF 


decrease in dust holding capacity for the 10 


QD 


ters B and C the dust holding capacity at 1 


per hour was approximately 


dust holding capacity for 


10 


50 per cent 


g of dust per 


D, the only ones tested at 10 2 of dust per hour. 


gz rate 
00 @ 
greater 
1 
hour I 


A the dust holding capacity at 100 ¢ per hour is a 


able amount lower 


and 60 g per hour 


Filters B and ¢ 


at 


than that 


Che increase 
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rate 
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feed 


at 
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_ Satering Dust farering Oust 
Cottre// Lomp- Pocahontas fillers Lliners 
Precip/tete black Ash Larth Fly Ash 
00% 00% on /ods 
ally) Pocahontas Poe 
+-/iter A | Sierg Bie: 2 
filter 8 4 3 filter 3 on 
+ filter D — | wb 
Filter Fitter € filtro fe 
r ¢ sow . pore sor Leaving Oust 4 Leaving Dust 
+ Filter D + Filter 2 | y, Pocehorntes /T3: Pocahontas 218°. 
oe a | 7% 7 SE ALI : 
i i 4 W244 “4 Zo a y 
| y ¢ fA 
one oe bat oa call ; ? $Y Leoptt 28) pope $ 
f ARE KOA LO, 71p eh 
| | | | t y 4; S 
Set we etil ae | nae nd Follors Larth 3% Sgnphick ren ; FullersLarth 44% 
+] lMineis Fly Ash £6 % LY 4 Tiineis Fly Ash 3%, 
| | Tat: Z 
| ae | | t Pane i 
ae Sa 
: LMenecs Fly Ash 200% 
08 58 yy 2 at Jae % Mh Roop 
' | . = > > «" 
coe rag A rag a a hat 
Piilero | Fullers Larth 0% LJ | Fetters £erth pease | 
ow a: os Ox #8, ”" — ibe rsograsons sie eras 
| | | [ filter A filter 8 
on 28 Oo on 0 Arres(ance 78/1 % Arrestance 78.9% 
Fig. 11 Comparative filter arrestances for Fig. 12—Relative weights of mixed Fig. 13—Relative weights of mixed 
component dusts dust entering and leaving filter A dust entering and leaving filter B 
filters to retain more dust without building up an excessive air of tests runs from 1.2 per cent to 5.8 per cent 
resistance across the filter. kilters C and D respectively. 
wv pecan rs rag omega CON. ~ rate of dust ven though these increases are small they indi 
feed tor standard air hilter rating tests might be set at any 7 +“. s . - . . , 
PER toed wasn . that velocities higher than 300 fpm might be used 
value from 10 to 100 g per hour, and insofar as dust holding ca- nv of the Sle Whoa i eo . 
: ‘ . ~ . ‘ any Oo le filters without impairing 1e1T ¥ ! 
pacity is concerned it might be set at any value from 20 to 60 g 2 ‘ parseng ‘ c Cas can 
per hour with substantially the same results for any filters of arrestance 


the types tested. 
Procedure for Air Velocity Tests 


In this series the four Filters A, B, C, and D were 


tested. The dust mixture used was the same as in the 
previous series and it was fed into the air stream at the 
rate of 20 g per hour. Each filter was tested air 
velocities of 200, 300, and 400 fpm. The tests were all 
three hours length, the arrestance and air resistance 
being determined for each hour of the test. Since the 
purpose of the test was to determine the effect of air 
velocity on the dust arrestance of the filter, it was not 
considered necessary to run the test for more than a 


three hour period, 
A summary 
tests show 


Table 9. 
difference 


the test results is shown in 
These that there is but very little 
in the dust arrestance between the air velocity of 200 and 
400 fpm. There however, slight in- 
crease at the 400 fpm air velocity, A this 
increase is practically uniform over the range from 200 
to 400 fpm air velocity. In Filters B, C, and D the dust 
arrestance at 300 ft is slightly less than that at 200 fpm 
in the range 


of 


in all cases a 
and in Filter 


air velocity.‘ The increase arrestance over 


Table 9—Dust Arrestance at Different Air Velocities 


(Dust Mixture 50, 20, 20, 10. Dust feed 20 g per hour) 
: FILTER 
Ark VeLocitTy 
IN Fem 

f B i D 
200 74.4 77.4 65 7 89 1 
300 76 1 77 0 65 0 86.9 
87 8 
400 77 6 78 7 66 2 92 6 
Range (PerCent Diff 3.2 17 1.2 8 


546 


Filter Characteristics as Governed by Constituent 
Dusts of Mixture 


The purpose of this series of tests was to determi: 
the effect of individual dusts used in the dust 
on the operating characteristics of the filter and to cor 


MUIXtul 
pare the arrestance values as determined by tests oi 
ters when using various dust mixtures with the weig 
values as obtained when using individual dusts of t 
mixture. In this series of tests all filters were used, t! 


air velocity through the filter was set at 300 fpm, 
the dust mixtures were fed to the filters at the rat 
20 g per hour. All tests were four hours length ex 
cepting in those cases where the filter resistance 
creased to 0.4 in. of water before the end of the 
hour period. The dust arrestance and air resistanc 
were recorded tor each one hour period. The results 
for these tests are shown in Tables 10, 11, and 12, a: 
in Figs. 11 to 15 inclusive. 

The average arrestance values and increase in resist 


ance across the filter for five different types of dust ar 
in Table 10. The increase in air 
shown for the three hour period, and for all types 

dust excepting lampblack the increase is small. In th 
case of Filter A there was a slight decrease in resistanc 
when using Illinois fly ash and Fuller’s Earth. This 
was probably due to readjustment of oil on the filter 


shown resistance 


media and the streamlining of the oil on the fibers 
to passage of air during initial stages of test. The rms 


in resistance when using lampblack was high in all cases 
but this is particularly marked for Filter D in which the 
three hour increase was recorded as 0.288 in. of wate! 
The dust arrestance for Filter D when using lampblack 
was much higher than for any of the other filters. 11 /hus 
partly accounts for the rapid increase in air resistance 
of Filter D as compared with the other filters. 


Heatinc, Preinc anp Am Conprrionrnc, Aucust, | 935 








Sntering Oust 


























fatercn”g Oust 

















The spread Im arrestance va 





lues 


the 


lol 





z erences different types of dust are shown in the hg 
% ures of Table 11 and in the chart of Fig. 11 
pe ahonlas The three yreatest spreads were 58.8 per 
> cent for lampblack, 19.1 for Cottrell pre 
oe cipitate, and 12.7 per cent for Illinois fl 
% ome Se ash. In each of these cases the wide range 
e anne: Sane is caused mostly by the characteristics ot 
ee v | » Foc Filter D This is clearly shown by th 

; gg Lis, i$ 7% chart of Fig. 11. Filter D is not quit 
4 44 ~ . oe » > " ? ] ' 
‘ sempbit 2008) « ‘tamed 4 266% C afins ForBiiax ~% ved oe . co wre Ba gsad ar 
ays Utes ( aliens Lar bat ste V5 PUY. é Vv ash as the other hiters, but 1 \ Vv mu 
tied RS \ Lihiness Fy Ash 46% more efthcient on lampblac k Che standard 
Bee et ae lampblack as used consists of very fine pat 
: err eS ticles which are difficult to remove by thx 
ee rec SF ordinary viscous coated filters. It seems to 
ka /hers Earth 0% Fulhars Lar l0d% be removed only by the very fine mesh part 
of the filter, and when so removed buil 
0. 6% Pas. aa on/% up the air resistance in the hiter very ray 
idly. The large percentage 50 per cent 
Fig. 14 Relative weights of mixed Fig. 15—-Relative weights of mixed of this material specified in the A.S.H.V.1 
dust entering and leaving filter C dust entering and leaving filter D Siectinasl Tnek Cade ond wand im Enrenee ten 
s : s undoubtedly accounts for the low irrest 
Table 10-——Average —_ Arrestance and Increase in Air Resistance for ance values obteined for some types of filters 
ifferent Types of Filters son 
(Dust fed at rate of 20 ¢ per hour for a three hour period) ; Che arrestance values for all filters were det 
. . mined for the Standard Code mixture of dust con 
eoonccahed doe nscats — whoa sisting of 50 per cent Pocahontas ash and 50 px 
Resist.| AVER Restst.| AVER Resist., AVER Resist.. AVER cent lampblack. These values were also determined 
Tyre Dust IN- AGE In AGE In AGE In AGE ; oe : : 
CREASE| ARREST- | CREASE! ARREST-| CREASE) ARREST-| CREASE) ARREST it air velocities of 300 fpm and for 20 ot dust 
| _ =. — ay — 3) ams fed to the filter per hour The arrestance values 
Illinois Fly for these tests and the arrestance values for the 3 
<. 0.001; 94.0 | 0.011) 96.7 | 0.003; 92.1 | 0.004) 84.0 per cent, 20 per cent, 20 per cent, 10 per cent dust 
_ Ash 0.001) 924 | 0.009) 898 | 0008) 825 | 0006) S64 mixture tests were compared with the weighted 
z Aah 0001; 928 | 0004!) 899 | 0002!| 823 | 0006!| 73.7 restance values as calculated from the test values 
: > hd 9 004! 87.2 | 0011! 89.8 | 0002! 81.0 | 0.006! 829 for each individual dust on the same filter Phe 
Lampblack 0 002 1.7 0 023 27 8 0 022 15.3 0 288 74,1 weighted values were calculated by multiplying th 
test values for each separate dust by the percentag: 
Se seeemenne and Resthtenes Sncteate for thew Seer geried of that dust in the final mixture and adding the results 
for all dusts of the mixture, These comparative values 
Table 11—Spread Between Dust Arrestance Values for Different are shown in Table 12. It is interesting to note that in 


Kinds of Dust 
(Air Velocity 300 fpm. 20 ¢g 


Erricts 


Tyee or Dust 


Hicu 
Illinois Fly Ast 06 78 
Fuller's Earth so sb 
Pocahontas As} e244 
Lampblack 74.1D 
Cottrell Ash 9284 


Table 12 
Tests with Dust Mixtures and by Wei 
on Individual D 

(Air Velocity 300 fpm. 20 g 


Comparisons of Arrestance 


10% Pocan,, 20% liu we Pox 


20% Lamp.,. 10% Fuu 


[YPE OF 
PiLTEeR Srraicut | WeiGuTep STRAIGHT 
Mrx Test VALUES Mix Test 
q 76.1 78.1 M4 6 
B 77.0 78.9 2 
( 65.0 70 8 465 
D) 87.7 83.1 81.5 
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an op eae Seneae hlter in direct proportion to the percentage of that dus 
anced _ in the mixture. Since the lampblack which has been in 
St .o% hoe common use for testing filters according to the Standard 
82.5 ¢ ied Code is a very difficult dust for most filters to remove, 
15.3 ¢ 58.8 and since, when efficiently removed, it builds up the filter 
73.7 D 19.1 resistance very rapidly, it is evident that the large pet 
centage specified in the Standard Test Code severe] 
handicaps the performance of most filters either by low 
Values as Determined by ering their dust arrestance values or by increasing tl! 
oe Values from Tests air resistance values and thus shortening the life of tl 
dust per hour) hlter, r 
Figs. 12, 13, 14, and 15 show in diagram form tl 
omopeny See performance characteristics of Filters 4, B, C, and / 
when using the dust mixtures indicated. The percent 


the « 


‘ffect of 


, » 5 2 . ’ 

, ry hee age values shown for the dust before and after passing 
57 0 199 Lo 4 through the filter indicate the percentages of the indi 
-e “ i vidual type of dust in the initial and final weights of 
i : dust. These diagrams show very clearly 
su »>s 2 am = . ‘ 

different types of dust in the mixture on the arrestancs 
SO 3 46 1.2 . . i * . " - ae 
38 of a given filter. For instance, for Filters 
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and (¢ 


there is a large percentage of lampblack in the final dust 





This explains the low arrestance values for the 50 per 
cent mixture as shown in Table 12. In Filter D there 
is a small percentage of lampblack in the final dust, thus 
explaining the high arrestance for this filter as shown 
in Table 12. The resistance, however, as shown by 
Table 10, would be built up very rapidly by an excess of 
lampblack. 
Conclusions 


The final conclusions from this investigation which 
may be applied to the Test Code are as follows: 


1. For rating purposes it would be practical to use heavier 
dust concentrations than now specified by the Code. From the 
first series of tests it is apparent that dust concentrations from 
0.6 to 1.2 g of dust per 1,000 cu ft of air would give test re- 
sults which would be equally as valuable as those at dust con- 
centrations of 0.35 g per 1,000 cu ft as specified in the Code. 
Higher concentrations would greatly expedite any tests to deter- 
mine the life of a filter. There seems to be some question as to 
the arrestance, and particularly the life of a filter at very low 
dust rates. However, any tests to determine the life of a filter 
at a rate of dust feed comparable to that which may be met in 
practice would require unlimited time and would be impractical 


2. The air velocity at which a filter is tested does not appear 
to be important, providing it is maintained between 200 and 
100 fpm. Further investigations should be made if other veloci- 
ties are to be used. There seems to be no practical reason for 
changing the 300 fpm velocity as specified in the present Code, 


as this would not particularly expedite the tests. 


3. Lampblack is a very difficult dust to remove from the air 
and, if mixed in the original dust in large quantities, it will 
unduly handicap the performance of most filters, either by re- 
ducing the dust arrestance value or by increasing the air resist 
ance and thus shortening the life of the filter. It is believed that 
50 per cent of lampblack is very much in excess of that found 
in practice and it wotld seem reasonable to reduce this per 


centage in the Standard Test Code. 


t. The performance of a filter varies greatly with the mixture 
of dust used. By proper choice of a test dust, one type of filter 
may be shown to have better performance characteristics than 
the majority of the other filters, whereas another dust mixture 
may reverse the relative merits. Three of the four filters tested 
ranked first in arrestance on one particular dust. 
infer the fourth filter to be inferier in dust arrestance, as fur- 


his does not 


ther tests on this same type of filter but with a different design, 
brought its arrestance up among the highest on one particular 


dust mixture. 


These tests were made for the purpose of studying 
the characteristics of different types of filters when rated 
by a laboratory test method and to determine whether 
or not some improvements might be made in the Stand- 
ard A.S.H.V.E. Test Code requirement. When inter 
preting the test fesults it should be remembered that 
only one design of each type of filter was selected, and 
that the filters were not all of the same thickness, nor 
did they represent the only thickness manufactured for 
the different types. Other designs of some of the types 
might have been selected which would have changed the 
relative merits of certain properties of the filters as 
shown by the test results. To compare the merits of the 
different types of filters would require a much more 
extended series of tests and any attempt to make com- 
parisons from the data presented here would be mis- 
leading due to the limited selection from each type. The 
selections were, however, sufficiently broad to substan- 
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tiate the recommendations made in regard to changes 
test procedure and Code. 

There is a need for further investigation along 
following lines: 

1. The performance of different types of filters should 
investigated when using different types of dusts and dusts 
different particle size. 

2. A further analysis should be made covering the diffe: 
types of carbon which fulfill the Standard Code requirement 

3. A study should be made to determine the effect of 
on the performance of various types of filters. 

4. A more complete analysis should be made of the dust wl 
must be handled in different types of filter installations. F; 
this analysis it may be found necessary to build up more t! 
one type of synthetic dust for adequately rating different ty 
of filters for different classes of installations. 

5. A practical field test should be devised which could be vu 
in the field and which could be used parallel with the laborat 


rating test. 





Effect of Reactivity and 
Caking When Burning Coal 


The relative rates of burning of coals when all othe: 
conditions, such as size of the pieces, depth of bed, rat: 
of flow of air through the bed, and the furnace, are th: 
same, depend mainly on the effect of the caking of t! 
coal on the distribution of the air and on the relativ: 
area of coal the air can contact. The rate of burning 
the coke which is formed from the coal in the fuel bed 
depends on the size of the pieces of coke and on thei 
reactivities, that is, relative ability of the carbon of th 
coke to unite with oxygen, carbon dioxide, and wat 
vapor. These facts were emphasized recently by Perc) 
Nicholls, heat transmission engineer, Bureau of Mines 
Department of the Interior, in presenting the results oi 
some experimental studies of fuel beds before the Fuel 
Engineering Division of Appalachian Coals, Inc., 
Cincinnati, Ohio. 

Measurements of reactivities usually have been ass 
ciated with manufactured cokes, and little is know: 
about the reactivities of cokes formed in fuel beds. How 
ever, these studies showed that although values for r 
activity of cokes vary largely at temperatures below 
2000 F, differences between these values decrease as th 
temperature increases and will be negligible at the ten 
peratures which exist in industrial fuel beds. On th: 
other hand, decrease in the size of the pieces of cok 
increases the rate of gasification independently of ten 
perature and, therefore, the size of the pieces materially 
aftects the rate of burning of fuel beds which are simula: 
in all other respects, including the rate of flow of 
through them. 

Caking affected both the initial resistances of the fue! 
beds and the average rate of burning. The test results 
do not mean that high rates of burning cannot be o! 
tained with strongly caking coals, or that caking has not 
offsetting advantages. They do show, according to M: 
Nicholls, that more knowledge is required on the eff 
of caking in fuel beds, both for the design of equipme 
and in the selection of coal for existing plants. 
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By Richard S$. Dill**, Washington, D. C. 


HE apparatus now used for testing air filters at 
the National Bureau of Standards consists of 
means of drawing air through a specimen filter at 


a 


a predetermined rate, a means of impregnating the air 
with dust before it reaches the filter under test and a 
means of drawing measured samples of the filtered and 
unfiltered air simultaneously through filter papers. A 
photometer which employs a source of light and a photo 
electric cell is provided for comparing the densities of 
the dust deposits on the filter papers. At present the 
standard test dust is a fly ash called Cottrell precipitate 
since it is obtained from a Cottrell precipitator in a local 
Whatmans No. 41 
filter paper has been found satisfactory and has been 
used during the tests. 

The general arrangement of the apparatus is shown 
in Fig. 1. The air ducts shown and the elutriating tank 
are made of 24 gage galvanized iron. Air enters through 


power plant burning pulverized coal. 


the duct connecting to the window, as indicated at the 
top right of Fig. 1, and is discharged from the lower pipe 
through the same window. 
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Fig. 1 


Diagram of testing equipment for air filters 


The entering air can be passed directly to the filter 
under test, as was formerly done for trials with atmos- 
pheric dust, or it can be shunted downward through 
the 10-in. pipe shown and forced to come upward 
through the elutriating tank before reaching the speci 
men. 

The purpose of the elutriating tank is to arrest ab- 
normally large particles and prevent them from reach- 
ing the filter. 

There are flow straighteners consisting of nests of 
4-in. gutter pipe in the elutriating tank and in the hori 
zoutal duct between it and the filter. 


"Publication approved by the Director of the National Bureau of Stand 
ards of the U.S. Department of Commerce. 


»,. Associate Mechanical Engineer, National Bureau of Standards, U. S$ 
Venartment of Commerce 
Presented at the Semi-Annual Meeting of the AMERICAN SocreTy 


HEATING AND VENTILATING ENGINEERS, Hot Springs, Va., June, 1938 
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Leaving the elutriating tank the a 
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A Test Method for Air Filters’ 


passes 


the specimen filter and the metering orifice, 


through a vertical pipe, 
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passes through the blows 
is ejected out of doors through the lower duct 

A telescoping section in the main duct permits filt 
up to about 30 in. in Ie ngth to be accommodate ‘I 
filters differ in size and shape a wooden shee ( 
duct section is usually constructed to receive the fi 
and the duct section is fitted in the space p1 
the main duct 

\ slant gage is used to measure the 1 sure 
resistance of the filtes \ U-tube wate: ul 
used to indicate the pressure drop cross tl eve 
orifice and hence the air flow in the main du \ ¢ 
orifice is used for deliveries up to about 1200 « 
9-1n. orifice for flows up to 2000 cfm whicl rn 
upper limit of capacity of the apparatus 

For taking samples of air to be passe oug 
papers, sampling tubes are used, on he clear 
and one on the dirty air side of the filte 1 
Their positions are indicated on Fig. 1 and the « ul 
tion of the sample collector is shown on Fig. 2 

Kach collector is made of 1%-in. brass tubing 
about 12-in. long. It contains a metering orifice al 
0.18-in. in diameter. It 1s reduced in size and fitted wi 
a half-inch standard pipe connection at the entrance « 
The discharge end is covered -by a cap held against t 
flat end of the tube by a pair of springs Che spriz 
can be stretched by hand to permit hiter paper clas 
to be inserted between the cap and tub The cay 
connected by a rubber tube to a vacuum line Phe filte 
paper clasp consists of two matching brass plates w 
an aperture across which the filter paper is stretched 

Kach sampling tube consists of a 2-ft lengtl i] 
inch pipe which enters the main duct at right angles ar 
turns on a 6-in, radius to face up-stream \ir is draw 
from the main duct through the pipe and into the coll 
tor, In the collector the ai passes first t! ug! 
metering orifice, then through the filter paper and is d 
charged to the vacuum line. 

\ one-leg water manometer is used to indicate the a 
flow rate through the metering orifice in each collect 
The manometers for the two collectors are mounte: 
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jacent to each other for convenience and their scales are 
graduated to read air flow in cubic feet per minute. 
Their readings are called sampling rates and the sam- 
pling rates can be adjusted by needle valves in the vac- 
uum lines. 

The photometer used for comparing the density of 
dust deposits on filter papers consists essentially of an 
automobile headlight bulb and a photo-cell with an aper- 
ture across which the filter paper can be placed so that 
the light from the bulb passes through the paper and 
falls on the cell. The aperture is, of course, smaller than 
any dust spot taken. The arrangement is shown on 
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Diagram of photometer for measuring light trans- 


Fig. 3 
mission of filter papers 


Originally the cell was connected directly to a galva- 
nometer and the reading of the galvanometer was con- 
sidered indicative of the intensity of the light striking 
the cell. This arrangement was improved by employing 
a circuit in which the effect on the cell of external re- 
sistance is made unimportant. The circuit is described 
in a paper by Wood.’ The wiring diagram is shown on 
Fig. 3. In use, the source of low voltage acts in the 
same direction in producing ‘current in the circuit as 
the photo-cell. The rheostat, R,, is adjusted until open- 
ing and closing the switch makes no difference in the 
reading of the millivoltmeter. For this condition the 
cell is acting against no resistance external to itself so 
that the effect of changes in its internal conductivity is 
avoided. The readings of the millivoltmeter at this con- 
dition are accepted as an indication of the light passing 
through a filter paper and falling on the cell and, conse- 
quently, of the transparency of the paper. 

The device for impregnating air with dust is shown 
in Fig. 4. It is located on the 10-in. pipe ahead of the 
elutriating tank in the system. The elements of the 
device are a drum, rotated slowly by a motor, a dust 
hopper above the drum arranged to lay a ribbon of dust 
on it, and an aspirator, operated by compressed air, ar- 
ranged to draw the dust from the drum and inject it 
into the 10-in. pipe in which the main air stream is 
passing on its way to the elutriating tank and filter. The 
dust injector is regulated to pass about one gram of dust 


1Zero-Potential Circuit for Blocking-Layer Photo-Cells, by Lawrence A 


Wood (The Review of Scientific Instruments, Vol. 7, No. 3, p. 157, 
March, 1936). 
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Ten grams are charg 


per thousand cubic feet of air. 
into the hopper for a run so that the duration of a r 

for a filter with a delivery of 800 or 1000 cfm is 10 

12 min. 

The use of this quantity of dust at this rate has bh 
found to result in dust spots on the filter papers of gi 
density for convenient comparison. 

Air is drawn through a filter mounted for test at 
rate specified for it by its maker. Its resistance is not 
and trials of its efficiency are made at this rate. 

Present practice during trials for efficiency is 
draw samples of air at equal rates, usually 1 ci 
through the upstream and downstream filter papers. 1] 
spot on the downstream paper exposed for the pass: 
of air and hence for dust deposition is smaller than 1 
on the upstream paper. If the area of the downstr: 
spot is half that of the upstream spot and the spots ar ; 
found to be equally dense, this means that the upstrea 
air carried twice as much dust as the downstream 
and the efficiency by this test method is therefore c 
sidered to be 50 per cent. If the downstream spot 
found to be the cleaner, the efficiency is considered 
be above 50 per cent, and vice versa. 

The size of a filter paper spot is governed by the si 
of the aperture in the filter paper clasp. Pairs of clasps 
are provided having apertures corresponding to efi 
ciencies of 50, 60, 65, 70, 75 and 80 per cent. The pres 
ent routine test consists of finding by trial that the eff 
ciency of a specimen filter is above one of these values 
and below the next higher. 

Evaluation of an efficiency with a precision of one o1 
two per cent is possible. Such evaluations are not cus 
tomarily made because integral efficiencies, multiples « 
five, have been chosen by the purchasing agencies of t! 
Government as criteria for the performance of the vari 
ous classes of filters. Filters with efficiencies below 
per cent are not acceptable and filters with efficiencies 
above 80 per cent are generally acceptable under present 
Government specifications. 

In preparation for a run all parts of the apparatus 
swept out by drawing air through them at a compara 
tively high rate. A pair of filter papers, previous 
found to be photometrically similar, is placed in a pai 
of clasps and these are placed in the spaces provided 1 
the sample collectors. Ten grams of dust are put 
the dust injector. Flow rates through the filter ai 
through the sampling tubes are adjusted and the dust 
injector is then started. The run continues until all th 
dust has been injected, at which time the flow throug 
the sampling tubes is cut off and the papers are removed 
for photometric examination. Successive runs are mad 
until the efficiency is evaluated as indicated above 


a. Quer Comraimetn 






™ Sucre 


< 

| 

| 

j 

Wanvame Seero Borrenri: vawwt | 
7 

Aaesparer | 
> 


Meron 











Fig. 4—Diagram of dust injector and smoke generator 
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(he apparatus was installed at the Bureau in 1934 at 
th. request of the Procurement Division of the Treasury 
Iepartment and it has been used since that time with 

essential change as a type test for air cleaning de- 
yices offered for sale to the Government. 

\t the outset, tests of filters with atmospheric dust, 
that is dust normally in the outside air on a clear day 
at the Bureau of Standards, were attempted. It was 
found, however, that the efficiencies of filters were uni- 
formly low and difficult to evaluate with this dust. Trials 
with smoke from a fuel oil flame showed that this sub- 
stance was subject to the same objections, and therefore 
tests with these two dusts are no longer commonly 
made. 

With the Cottrell precipitate, however, efficiencies of 
filters on the market were found to be spread over a 
wide range, specifically from less than 10 to something 
over 80 per cent and the differences between filters are 
more easily shown. 

A variation of the test method has been used as a 
basis for a specification for electro-static dust precipitat 
ing equipment. The specification required that the equip 
ment have an efficiency of 90 per cent or more on atmos 
pheric dust on any clear day. The specified test con 
sisted of drawing air at equal sampling rates through 
filter paper spots of equal area on the two sides of the 
equipment, and drawing air through the downstream 
spot ten times as long as through the upstream spot. The 
requirement was that under this condition the down- 
stream spot should not be the denser. 

Means of improving the test are being sought. Some 
efforts to separate the dust into component size ranges 
by elutriation have shown promise but have not been 
carried to a conclusion. 

An efficiency test apparatus of different design has 
been tried, also with promising results. This apparatus 
consists essentially of a means of drawing samples of ain 
through two filter papers simultaneously while light 
from a single bulb passes through the two papers and 
falls on two photo-cells. 

The cells are connected to the same galvanometer and 
if the light falling on one cell decreases faster than the 
light falling on the other, the galvanometer moves off 
the zero position. In making a test, the flows of air 
through the filter papers are kept in such ratio as to keep 
the galvanometer on the zero position, showing that the 
papers are becoming dirty at equal rates. The ratio of 
the sampling rates is then an index to the efficiency of 
the filter under test. With this apparatus a continuous 
record of the efficiency of a filter over a period of time 
is possible, 

The test method as it is now applied gives informa 
tion on the performance of filters when new. It gives 
no information on the effects of time or use on perform 
ance but its application has permitted the selection of 
filters with useful initial effectiveness and this, in con 
siderable degree, puts the selection of filters on a definite 
basis. The resistance of filters commonly increases with 
dust load and it is probably in order for the test to be 
extended or altered to obtain information on this point. 
However, such information is held to be of secondary 
importance compared to knowledge of the ability of fil- 
ters to arrest dust, since arresting dust is the prime pur- 
pose of a filter. 
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Manufacture and Use of Safety 
Glass Shown in Educational Film 


The manufacture and utilization of safety glass is ce 
picted in a 2-reel silent motion picture film entitled 
Safety Glass, which has been added to the educationa 
film library of the Bureau of Mines, United States D: 
partment of the Interior. 

The measure of protection afforded to life and p: 
erty by the use of safety glass in automobiles is stril 
ingly demonstrated in the opening scenes This epi 
sode 1s followed by scenes showing the quarrying an 
loading of silica sand, the principal ingredient of safety 
glass, and its transportation to the mill, wher 
screened, crushed, ground, dried, and conveved to 


plant meident 


] 


glass plant. Operations within th 


the manufacture of glass are next illustrated, includin 
the mixture of the prepared silica with other ingredients 
such as limestone, soda ash, charcoal and wate \fte 
being pressed into briquets, the mixture is fed to th 
furnace; a number of striking scenes show the melting 
of the mixture inside the furnace, and thi 
pouring and rolling of the hot glass into a continuow 
ribbon \nnealing operations, the cutting of the gla 
into strips and sheets, and the trimming and grinding 
of the sheets are next shown 

The second reel illustrates the polishing of plat 
the picking up and turning of the sheets being accon 
plished by a machine. The cutting of the glass into sp 
cial shapes is next illustrated \ series of scenes next 
shows the actual process of making safety glass Phe 
glass sheets are coated with cement. and sheets of ce 
lose acetate are pressed between them, forming a sand 
wich which is then pressed by rollers. The sandwich 
heated to a temperature of 300 F under 200 Ib pressure 
then dried, given an acid bath, and inspected. The final 
steps of grinding and polishing are next shown Phe 
closing scenes show chemists testing the raw materials. 
and tests of the fintshed product, including humidity and 
sunlight tests, and the dropping of steel balls on tl 
glass plates. 

Copies of this film in 16-mm and 35-mm size may 
had for exhibition by interested organizations by address 
ing the Bureau of Mines 
Forbes St., Pittsburgh, Pa 


Experiment Station, 4800 


Rubber Springs Described 
at M. I. T. Conference 


Rubber springs that promote efficiency and 


CCONOTHIN 
by eliminating vibration were described before the sun 
mer seminar on concrete and timber held July 8 at 
Massachusetts Institute of Technology 

\ccording to F. L 
B. F. Goodrich Co., rubber springs have met with su 


Haushalter, de’ elopment enginee: 


cess in machines ranging up to 500,000 lb, prolonging 
the life of machinery and easing the strain on the nerves 
of workers. It was stated that the rubber mountings, 
called vibro-insulators, may eliminate as much as 90 per 
cent of the vibration in machinery and extend the lon 
gevity of concrete structures in which the machines ar 
housed. 








General Reactions of 274 Office W orkers 





to Summer Cooling and Air Conditioning 


By F. C. Houghten*, A. B. Newton** (MEMBERS), R. W. Qualley***, and 
Edw. Witkowski? 


This paper reports the results of research sponsored by the AMERICAN Society OF HEATING AND 
VENTILATING ENGINEERS’ Committee on Research, conducted under the supervision of the Tech- 
nical Advisory Committee on Sensations of Comfort and analyzed by the Research Laboratory. 


HIS paper deals with the results of a question 

naire sent to 274 employees working in air con- 

ditioned offices in Minneapolis during the summer 
of 1937. These employees were the same as_ those 
participating in the daily study reported in the two 
earlier Laboratory reports.’ * 

The questionnaire was given to the employees on 
September 15 after they had been accustomed to filling 
out the regular daily questionnaires included in the 
studies referred to since May 4. Therefore, those par 
ticipating had more than the usual background in study- 
ing and interpreting their reactions to air conditioning, 
but with the exception of a few of the higher ranking 
members of the organization who may have been in- 
cluded in the survey, they had no particular knowledge 
or interest in air conditioning. It is believed that the 
results of this questionnaire will serve a useful purpose 
in indicating the reactions of normal persons occupying 
air conditioned space during the working part of the 
day, and that they will help clear up a number of ques- 
tions which are generally conceded to be controversial 
in the minds of many laymen and some persons more 
closely associated with air conditioning. 

A copy of the questionnaire which was given to em- 
ployees on September 15 and collected on September 16 
is included. No other advice or suggestions were given 
concerning the returns to be made. 


QUESTIONNAIRE ON AIR CONDITIONING 
(Answered by 274 Office Employees 


Your cooperation in filling in the daily ques- 
tionnaire cards, telling us of your reactions to 
the comfort conditions obtained by the office 
air conditioning system is very much appreciated 
We have obtained a great deal of valuable data 
from these daily cards, and as we near the end of 
the cooling season, we also desire your answers 


*Director, Research I aboratory, American Society or HEATING AND 
VENTILATING EnGineeRS, Pittsburgh, Pa. 
**Energ. Dept., Minneapolis-Honeywell Regulator Co., 
Minn 
***Engrg. Dept., Minneapolis-Honeywell Regulator Co., 
Minn. 

tStudent Assistant, Research Laboratory, American Society or Hear 
ING AND VENTILATING Encineers, Pittsburgh, Pa. 

‘Summer Cooling Requirements of 275 Workers in An Air Conditioned 
Office, by A. B. Newton, F. C. Houghten, Carl Gutberlet and R. W. Qual 
ley (A.S.H.V.E. Journat Section, Heating, Piping and Air Conditioning, 
December, 1937, p. 758). 

2Shock Experiences of 275 Workers After Entering and Leaving Cooled 
and Air Conditioned Offices, by A. B. Newton, F. C. Houghten, Carl Gut- 
berlet and R. W. Qualley. To be presented at the Summer Meeting of the 
Society, June, 1938. 

Presented at the Semi-Annual Meeting of the American Socirery 
or Heatinc AND VENTILATING Encineers, Hot Springs, Va., Tune, 1938. 
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to the following questions. We should apprecia 
as much detail as you can supply: 


1) What difference, if any, have you noticed 
your reactions after leaving the office on 
warm days as compared to the period previo 
te the installation of air conditioning? 


2) What difference have you noticed between you 
reactions after leaving the office and 
reactions of friends or associates who were 
not in conditioned offices during the day? 


3) General remarks on the effectiveness of ai: 
conditioning 


\ preliminary analysis of the returns showed certa 
marked tendency in the replies and included seve: 
definite types of answers to each of the three questions 
All of the replies are tabulated under the headings 
the three questions according to the type of answers 


Immediate Reactions Upon Leaving the Air 
Conditioned Space 


Replies to Question 1, What difference, if any, 
you noticed in your reactions after leaving the offic: 
warm days as compared to the period previous to 
installation of air conditioning’, were divided into fou 
divisions and sub-divisions: 

(1) Felt too warm for short period after leaving 

(a) Less than 20 min. 
(b) Less than one hour. 
(c) Few hours. 

(2) Felt too warm all night. 

(3) Felt indifferent to warmth after leaving 

(4) No intelligent answer. 

While different persons showed wide variation in 

length and character of their statements they could wit! 
few exceptions be fitted into these divisions. The pe 
centages given each type of answer to Question | ar 
plotted in the chart, Fig. 1. Two hundred seventy 

questionnaires were sent out but only 243 answere 
this question. The others were not present before 

installation of air conditioning ; therefore the percentages 
are based on the 243 answers. They show that 35 pe! 
cent generally felt too warm for a period of from less 
than 20 min to two hours after leaving the cooled spac 
and that approximately 13 per cent felt too warm 
throughout the entire night. Another 35 per cent ind 
cated that, in general, they had no noticeable reactions 
to the hot outside or that they felt indifferent to th 
outside weather after leaving the conditioned space. _\p 
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Fig. 1—Answer to Question Number One. What difference, if any, have you noticed in have this 
your reactions after leaving the office on warm days as compared to the period previous more % 
to installation of air conditioning? j j 
I did not feel all wort t 
proximately l/ per cent of the replies were not sufh during the day, and although the heat was very noticea 
short time after leaving, | became accustomed t t al 


ciently to the point to be tabulated in any of the groups 

Many of the answers to Question No. 1 showed very 
definite characteristics in the feelings of the employees 
after leaving the air conditioned space. Some of these 


are of interest in forming a better understanding of 
air conditioning. 


because they are exceptions. 


A smaller percentage are of interest 
In other cases, the replies 
were amusing but still educational. A number of typical! 
replies without respect to the percentages of each are 
quoted : 


Was acutely aware of the high temperature immediately upon 
leaving the building. 
A feeling of being quite warm for approximately one-half how 


with normal reactions thereafter. 


I noticed very little difference. It seemed slightly warmer at 


first but after being out an hour or so everything was okey. 


The sensation of fatique upon leaving the office has been less 


noticeable since the installation of air conditioning. 


That tired, worn-out feeling on hot summer days is eliminated 
and I think it enables one to accomplish much more work and 
still feel comfortable. 

I seem to mind the outside heat more. My joints seem to pain 


me, especially my leg joints—something like a rheumatism. 


Previously the air outside seemed clean and fresh compared to 
that of the factory. Now, after working in an air conditioned 
space, the outside air seems stuffy, hot and full of dust and dirt. 


On excessively hot days I perspired and noticed the heat more 
than the rest of the family in the early part of the evening. In 
fact, I believe it took about four hours for me to become accli- 
mated to the temperature rise. 


I noticed quite a change in temperature upon leaving the office 
on warm days; this change lasted for a short period. During the 
time previous to the installation of air conditioning my reactions 
were very much the same upon leaving the office as they were to 
the air conditions in the office. 


he first few months of operation of the system made one fee! 
comfortable inside during the day but in the evening the extreme 
change of temperature (75 to 100 deg) from inside to outside 
nearly suffocated one when experienced all at once. But the last 
few months of raising the inside temperature in the late afternoon 
(3:00 to 4:30) has made a considerable improvement. 


On warm days there is a reaction of being severely warm 
when one goes from indoors to outdoors, but this is offset by the 
ability to withstand the heat outdoors better because one is not 
nearly as fatigued as one would be where no air conditioning is 
installed. A person can stand the heat better if he is not all tired 
out from working in the heat all day. 
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more able to take it as I was not all tired out 


No difference, except that undoubted 


side weather momentaril 


ccs rw 

space than it would in going outside fr fit 

I seemed to notice the heat more on excessiv " ‘ 
after leaving a conditioned space than I did whil king 
unconditioned space. This sensation of heat lasted most 
evening and night on very warm days 

Having worked in an air-conditioned offi ! 
in the evening would appear t e¢ warn , | 


in unconditioned offices, and perspiriy re I ‘ nu 


would appear to be 
My skin is so cool that the heat doesn’t affect me ver 
usually lasted u 


wmtense and 


Hi at 
after sundown, 


was very 
Che evening heat is less noticeable, because my system has 
been under the pressure of heat during the warmet 


day 


Reactions as Compared with Those Who Did Not 
Spend the Day in Air Conditioned Space 


Replies to (uestion YS What differenc: have Vou no 


ticed between your reactions after leaving the office and 


the reactions of friends or associates who were not in 


conditioned offices during the day ?, were divided into 
three divisions and sub-divisions 
(1) Stood hot 


cooled space, or than friends who had not spent days in cooled 


weather better than if had not spent days 


space. 
(a) Less complaint of heat 


1 


(b) Less fatigued, less tired, or had more pep 
(2) Did not stand hot weather as well as if had not spent days 
in cooled space. Friends, who had not spent days in cooled spac« 


stood heat better. 


(3) No difference in way they withstood hot nights compared 
to like feeling when days were not spent in cooled space, or when 
feelings of friends who did not 


compared with spend days it 


cooled space. 


Again wide variations in the nature and characteristi 
of the statements were found in the replies, but with 
few exceptions the replies could be included in the 


groupings as given. The percentage showing each typ: 


of answer is given in the chart, Fig. 2. Two hundred 
seventy-four questionnaires were sent out, but only 


— . 
The relore 


226 answers to this question were received 











“Ota 


Conditioning 








72! 
WITHSTOOD HOT WEATHER 
BETTER THAN IF THEY HAD 

NOT SPENT DAY IN COOL SPACE 
OR THAN FRIENDS WHO HAD NOT 
SPENT DAY IN COOLED SPACE 





percentages are based on the 226 an- 

swers. A little over 70 per cent in- a 
dicated in one way or another that they > 
were not as fatigued during hot spells es 
as they would have been had they not ste: 
worked in air conditioned space during 75 
the day time, or as compared with their 70 
friends who did not work in air condi- < 65 
tioned space. The word fatigued nat- 60 
urally only occurred in a_ relatively Z 55 
small percentage of the total number Z so 
of replies, but other expressions such as Pa 
had more pep, felt less washed-out, or — 
less let-down were included in_ this ~ 
grouping. Approximately 13 per cent 8 30 
indicated in one way or another that re 
they did not stand the hot weather as = 
well as they would if they had not spent 20) 
their time in air conditioned space, or ri 
as their friends and associates who did " 13 
not work in air conditioned space. $ 
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FELT LESS FATIGUED 


LESS 
COMPLAINT FROM HEAT 


1.1 

NOTICED NO DIFFERENCE IN 
REACTIONS TO HOT NIGHTS 
WHETHER IN COOLED OR UN- 
COOLED SPACE DURING DAY 
NOR DID THEY NOTICE DIFF 
ERENCES BETWEEN THEIR 
REACTIONS AND THOSE OF 
FRIENDS WHO SPENT DAYS 
1N UNCOOLED SPACE 


12.8 

DID NOT WITHSTAND HOT 
WEATHER AS WELLAS IF 
THEY HAD NOT SPENT 
DAYS IN COOLED SPACE 
NOR AS WELL AS FRIENDS 
WHO HAD SPENT DAYS 
IN UNCOOLED SPACE 
































These answers again were cast in vari- 
ous forms, including statements that 
they were more fatigued, more tired, 
had less pep, etc. Approximately 15 
per cent indicated no marked preference 
to air conditioning as regards their feelings during the 
evenings and nights of warm weather. A few charac- 
teristic answers which may be of interest are given: 


In general, I was more comfortable, and usually was not quite 
as tired as a person working in a non-air-conditioned office. 


Vost people complained about being all tired out and weak- 
ened by the heat, but I never had such reactions. 


I noticed their apparent consciousness of the heat during the 
day, whereas, I had not been aware that the day had been un- 
comfortably warm. 


The first hour after leaving the air-conditioned office on a hot 
day I noticed the heat but soon became accustomed to the warmer 
air. I noticed friends and associates showed the effects of the hot 
weather more when they were in an un-conditioned building all 


day. 


They don’t mind the outside heat as much as I do. They have 


as a general rule more pep than I have. 


I couldn't talk about the heat of the day. They seem toa be 


more Worn out. 


I believe I can truthfully say that most of my friends who were 
not in air conditioned places during the heat of the day were prac- 
tically worn out by night, while I, being in an air conditioned 
space all day, was still feeling fine regardless of the perspiring 
mentioned heretofore. 


In general there has not been the complaint this summer as 
voiced in previous summers. However, the greatest complaint 
has been poor wives who are domestically confined during the 
period in which their husbands are air conditioned. 


After leaving the office on warm days I was not nearly as tired 
and I had more ambition; acquaintances who were not in condi- 
tioned offices were more tired out at the end of the day and 
seemed to mind the heat more. 


People in non-air-conditioned places were more tired. 


I felt the heat more, but since they had to work in it all day, 
it actually affected me less, in the matter of physical well-being, 
I acquired a slight heat-rash on hot evenings, 


than it did them. 


5 


Fig. 2—Answer to Question Number Two. 
between your reactions after leaving the office and the reactions of friends or 
associates who were not in conditioned offices during the day? 





What difference have you noticed 


for about two weeks, but it was probably a condition aggravated 
by the heat. 


I think that my friends who did not work in air conditioned 
buildings minded the heat more than I did after leaving the offic 
Air conditioning leaves one in a better frame of mind after leavi 
work because of being comfortable all day. Persons who do » 
work in air conditioned places think about the heat all day and 
by evening they think it’s much hotter than it really is. 





They were very tired and irritable whereas I felt fine. 
I find that I am not as easily irritated as those who do not 
have the advantage of air conditioning. 


After leaving the air conditioned office and returning hon 
those outside were tired out from the constant heat, while thos« 
working in the air conditioned room were still fresh. 


At quitting time they were all tired out, not from the work ! 
because of the heat all day. I was not. 


In general, reactions were the same except on very hot days 
Then friends did not seem to mind the heat as much as I. About 
3 or 4 hours in the evening I noticed a difference in reactions 


A de finite difference—on hot days followed by hot, close 
muggy evenings—I have been much more comfortable and hav 
complained far less of the heat than other members of the fami 
who have not been in conditioned space during the day. 


Friends appeared to be every bit as hot and uncomfortable as | 
was,—in fact, they suffered all day while I was glad to be in 
the conditioned office. 


After a day of comfort in the office, hearing people gr 
on the street cars going home about the terrific discomfort the) 
had endured at their places of employment, the value of the priv 
lege of spending the day in air conditioned quarters was em 
phatically indicated. At home, likewise, the complaint of it 
erable conditions that made it impossible to accomplish anyth 
during the day was proof of misery we had been spared. 

The heat affected them more than it did me. They had mac 


themselves warmer by fretting about the severe heat. 


I perhaps noticed the heat outside more than the person & 
had not been in a conditioned office during the day, but was !«ss 
tired and could more easily endure the heat for the rest of the d 
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pparently answered previously. 66iZ 
a) that 1 am much more able to stand the 75 REACTIONS TO 
of of a warm evening than those who have AIR CONDITIONING 
I : ; 70 Good 
heon extremely warm all day. 
“°° pat BETTER AND HAD MORE PEP 267 | 
General Reaction to Air Conditioning 60] Sat” 
= MORE FREE FROM COLDS 097) 
Replies under the heading of Item 3 z 591) 
\ef s 2 “s “50 BETTER EFFICIENCY 272% 
ecneral remarks on the effectiveness of 
5 ae . . ° . » «© -~4 | - | 
air conditioning, indicated a logical divi- <™ 31.7% 
Z en italien ped wale ht F 40]| REACTIONS TO 
sion into three divisions and = sub-di- ° AIR CONDITIONING 
visions : 35 || | NOT GOOD 
~ | as 
jnalysis of replies to Question No. 3: ° 30 | | CONT AAC TES COLSS EVE 3) % 
" ¢ : ‘ ee ‘ ~ | AT TIMES TOO HUMID 277. | 
(1) General reaction to air conditioning good. z 25 | AT TIMES TOO STUFFY 277% 
(a) More comfort and pleasantness. © 20 || wore comport ano ay ieee yee ae aes | 
— i 4 - 
(b) Better efficiency. “15 PLEASANT 3442 | 
(c) Free from colds. ° AT TIMES TOO COOL 222 | 
4) Better feeling wt OR ORAFTY 1927 | STATEMENT 
(d) better feeling or more pep. 5 NOT INTELLIGENT 
(2) General reactions to air conditioning 
not good. ie ] 
(a) At times, too cool or drafty, Fig. 3—General remarks on effectiveness of air conditioning 
(b) At times, too warm. 
(c) At times, stuffy. 
(d) At times, too humid. Il think it is very good during warm weather and severe c« 
(e) Contracted colds or other derangement, including weather, but when it is so ideal outside that you want to “v 
rheumatism or body pains. out I prefer to be able to open the windows and enjoy it 
(3) Statement not intelligent. 
lt ww a great help to non-smokers wh must 
The usual wide variations in the answers were found, inveterate smokers all day 
but they could be divided into the divisions and sub- ; 
ig te ‘ is a , I have noticed that the office has been rather dratty at tin 
divisions given. The chart, Fig. 3, gives the percentages 
of replies under each classification. Two hundred seven- Had to keep my coat on to prevent myself from s 
p j 
ty-four questionnaires were sent out, and 224 statements 
, : : ie : Air conditioning is okey, except along the south windows 
of reactions to air conditioning were received.  Per- 
‘ when the sun shines in here it is hotter than outsicd I suggest 


centages are based on the 224 replies. Approximately 
66 per cent showed a satisfactory appreciation for air 
conditioning. These were sub-divided into approxi- 
mately one per cent indicating a greater freedom from 
colds, approximately four per cent having a general 
feeling of greater satisfaction or more pep, approxi- 
mately 27 per cent indicating a greater efficiency in their 
work according to their own interpretation, and approxi- 
mately 34 per cent spent a generally more comfortable 
and pleasant summer. Approximately 32 per cent 
showed a lack of satisfactory appreciation for air con- 
ditioning or had a definite criticism of the same. Of 
these approximately three per cent indicated that con- 
ditions were at times too humid, approximately the same 
percentage that the conditions were at times too stuffy, 
another three per cent indicated that they were more 
subject to colds than previously, and four per cent com- 
plained that the air conditioned space was generally kept 
too warm. Of the 32 per cent unsatisfied with air con- 
ditioning, there was a rather general complaint cover- 
ing approximately 19 per cent that the air conditioned 
space was too cold or drafty. Approximately two per 
cent answering Question 3 gave answers which were un- 
intelligible. 

A few characteristic replies to this question are given: 


\ppreciate air conditioning only in extremely warm weather ; 
otherwise far too drafty. Further, it does not take care of the 
smoke in the engineering department which irritates my eyes, 
nose, and throat. 
beneficial. 


I believe open windows would prove more 


Was bothered by hay fever out of office. This condition was 
relieved when in the office. I feel that an air conditioned office 
has made possible for me a much more comfortable summer. 
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that you turn on more cold along the windows 
Excellent—keeps personal efficiency at maximun 


least 


keeps you comfortable one-third of each day and it most certainly 


My own personal opinion of the effectiveness is that it at 


is great relief from hot spells in the weather which last weeks 
at a time. 

The effect of air conditioning is beneficial in map rvs. Jt 
adds greatly to the amount of work that can produced, espe 
cially in the hot summer. It keeps everybody ” 


It helps one’s health as on 
vt all tired out. It offers relief fi 


nose and throat irritations. 


agreeable 
sickness % hen n 


and other 


The general office temperature is held too low for the comfort 
of one employed at a desk all day 


and cntern ic warn 
i 
How 


feclng would be felt, but uld § 


conditioned office 
unconditioned places, perspiration began to 
of diss) 


After leaving the air 


short time a sort 
wear off. 

A person could work all day at the desk without feeling tired 
or sleepy. No danger of spoiling tracings and papers by exces 


sive perspiration. I think a person working in air conditioned 
space during the day should try to get into the sun and outdoor 
heat as often as possible in the evenings, Saturdays and Sundays 


to induce natural perspiration, as I noticed I felt better the sum 


mer of 1937 than 1936 when I tried to avoid the heat after work 
ing hours. 

In spite of the excessive reaction of heat m the evening, av 
conditioning is far better than no conditioning, but it could 
improved by elimination of draftiness and a certain odor which 
seems to result from the outdoor air 

I will not soon forget the discomfort of unconditioned space 


affording only a choice of two evils—perspiration or exasperation 











—the latter with a fan blowing one’s hair into utter disorder and 
scattering papers. What ideal air conditions mean to health and 
comfort and efficiency and enjoyment cannot be condensed into so 
little space. The passing of the day of drafts from open windows 
or suffocation with them closed, afternoon fatigue from working 
in atmospheres lacking proper humidity, air circulation, or at a 
temperature too high or too low, should mean much to progress 
and accomplishment for everyone. Summing up, the benefits in 
health and comfort are immeasurable. With what pride couldn't 
we show our accomplishment of the optimum air condition to 
that fellow, Mark Twain, who said, “Everybody talks about the 
weather, but nobody does anything about it.” 

Easier to work when office is air conditioned during summer. 
Would be better if it could be the same in temperature everyday. 

More work accomplished during the day than previously and 
with less fatigue. 

More effective work can be done when there is no (or but lit- 
tle) distracting air condition. Due to large effect of many vari- 
ables—personal health conditions, drinking of water, type of 
clothing, etc.—the shock is a delicate, indefinite and negligible 
factor ; too elusive to be pinned down quantitatively. 1 am, simply, 
comfortable in conditioned space and uncomfortable in extreme 
conditions. 


Discussion of Results 


In general, the answers to the three questions pre- 
sented in the questionnaire show a considerable percen- 
tage of general satisfaction in the experiences resulting 
from air conditioning. Better than 35 per cent were 
frank in stating that they felt too warm for a while 
after leaving the air conditioned space. However, the 
duration of the hot reaction was in most cases not great, 
and no great importance was placed on it. An equal 
percentage showed an entire indifference to or a lack 
of this hot reaction. Only approximately 13 per cent 
of the total indicated that their evening and night re- 
actions to the heat may have been increased due to 
their experience with air conditioning during the day. 
Undoubtedly, a considerable portion of these lacked 
satisfactory background on which to base their inter 
pretations. In other words, at least 75 per cent of all 
inquiries, and a larger percentage of those giving intel- 
ligible answers, had no overwhelming or serious reac- 
tion upon leaving the conditioned space. 

Again, a little over 70 per cent indicated clearly that 
their unpleasant reactions to the hot nights or unpleas- 
ant reactions to a spell of hot weather were lessened 
by spending the working part of the day in the sum- 
mer cooled and air conditioned space. When 15 per 
cent of those who were indifferent to the heat of the 
night are added to these, less than 13 per cent are found 
who had a definitely unsatisfactory reaction to the hot 
evenings and nights, which was charged to air condi- 
tioning. 

Sixty-six per cent in one way or another indicated 
definite positive reaction. These reported better feel- 
ing, more pep, greater efficiency, greater comfort and 
pleasure due to spending the working hours or hot por- 
tion of the day in air conditioned offices. While it is 
true that almost 32 per cent stated some objection, these 
objections were usually limited to certain times, and 
should not, therefore, be definitely interpreted as a gen- 
eral objection to the satisfaction of air conditioning. 
They should be accepted rather as objections to occa- 
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sional lack of perfection which may have actually 
isted at times in some parts of the extended office sp: 
In this connection, it should be emphasized that on « 
tain days during the study the conditions in small | 
tions of the offices were actually upset so as to m: < 
them too warm or too cool for maximum comfort. 
order to obtain data for such conditions. It is q 
possible that some of these definite conditions which « 
pertained for short periods of time made more impr:s 
sion on certain individuals than the general satisfact 
which they may have felt toward air conditioning 
general. 

It is felt that the questionnaire serves a useful pu 
pose in indicating the large percentage of general sa 
faction to air conditioning and the lack of severity a: 
importance of the hot reaction upon leaving the air co) 
ditioned space. It is logical that this should be 
case, since it is generally recognized that the unsatis 
factory reaction of the human body to an extended 
spell is an accumulative effect. It is well recognized 
that a person can spend a few hours during the da) 
in a very warm atmosphere without any extended effect 
In other words, recovery from short exposure to hig! 
temperature is rapid and more or less complete. On the 
other hand, exposure to hot atmospheres during a hot 
spell in the summer when one is unable to avoid th 
heat either night or day is severe and accumulative. Th: 
answers to these questionnaires go a long way to sat 
isfy this contention. The questionnaire offers a litt) 
data on the contention that a high percentage of cold 
infections results from exposure to low temperatures 
maintained in air conditioning. Approximately one pe: 
cent indicated a greater freedom from colds, while aj 
proximately three per cent indicated a greater incidenc: 
to colds. Since it is generally well recognized that 
summer colds are usually due to infections rather thai 
exposure, it is probable that the few replies received 
in this connection are of little importance. 

The one reply, listed in the sample replies to Ques 
tion No. 3, charging the feelings of pains in joints and 
muscles, or rheumatism, to air conditioning is probab\ 
another case of the exception which proves the rule. | 
is probable that in any such extensive group of workers 
one or two could be found who had recently contracted 
some form of rheumatism, lumbago, or other source oi 
muscular or joint pains. 

Similar studies to those carried on in Minneapolis 
during 1937 are being planned for other sections of th 
country during the summer of 1938. The importance 
of this type of analysis of occupancy in air conditioned 
space is just being recognized and should be made an 
important part of future investigations. 
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CORRELATING THERMAL RESEARCH 








As a part of the efforts of the A.S.H.V.E. Research Laboratory 
many institutions engaced in such work, and to disseminate the 
progress in the field, and in order to make th's information availa 
on this page a limited number of brief abstracts of artic'es whicl 
complete lists address the Librarian, A.S.H.V.E. Research Labora 
F. C. Houghten, Director 
Heat Transfer in the Condensation of Steam, by Margaret 
Fishenden. Engineering, Vol. CXLV, June 10, 1938, pp. 643-5 
Discussion of heat transfer from steam to a metal surface. If a 


cooling s“rfiace is wettable the condensation produces a continuous 
film of fluid ; surfaces the 
place in the form of droplets and the heat transfer may be up to 


lm on non-wettable condensation takes 


10 or even 20 times as much as for film condensation. Condi 


tions of the two types of condensation: rough or scratched sur 


faces, especially when clean and free from grease encourage 
film condensation; while smooth and dirty surfaces, especially 
if greasy, encourage drop condensation. But even a rough sur 


face if greasy may give drop condensation while even a smooth 
Both 


alter 


u 
4 


if freshly cleaned ive film condensation 


: 
condensation 


surface may 
of 


nately, and the changes have sometimes given rise to results 


types may occur either co-existently 01 


which appeared anomalous 


. 
Heat Dissipation Through an Annular Disk or Fin of Uniform 
Thickness, by William McGregor Murray, Journal of Applied 
Vechanics, Vol. 5, No. 2, June, 1938, Trans. A.S.M.E. Mathe 


matical investigation of heat flow in an annular disk of uniform 
thickness. The investigation was carried on in connection with 


the design of fins for increasing the heat transfer in various kinds 


of heat exchangers and engines. The results might easily be 
applied to other problems. 
e 
Temperature Rise in Material of Which the Thermal Prop 
erties Vary with Temperature, by J. H. Awberry. Proceedings 
Reyal Soc. London, Vol. 48, p. 118, 1936. The partial differential 


equations governing the flow of heat in a medium for which the 
thermal conductivity and volumetric specific heat vary paraboli- 
cally with temperature are reduced to an ordinary differential 


equation when the medium is semi-infinite in extent. 


* 
Ventilation. Entwurf und Betrieb der Schleuder und Schrau- 
bengeblase. Published by Julius Springer, Berlin. Price 13.50 
Marks. Instructive and practical book concerned with the 


manner and the extent to which theory can be reasonably applied 


to produce sound engineering products in the manufacture of 


fans. Discussion of centrifugal fans and summaries of perform- 
ance data for a range of typical fan designs. 
. 


Removal of Dusts and Fumes; New Departures, by C. W 
Price. Times Trade and Engineering, Vol. 42, No. 888 (New 
Series). Factory Welfare Section, p.x. (Feb. 1938). Discussion 


of new Factory Act, England, with regard to the removal of 


dust and fumes. 


e 
Dust Control in Industry, by T. C. Angus. /ndustrial Welfare, 
May 1938. Discussion of hazards to the health of industrial 


workers caused by the breathing of air-borne fumes and dusts 
which fall under two headings; first, results of inhaling known 


polsonous inhaling other dusts not 


Act 


and, second, 


substances ; 
The new 
existing dust regulations. 


usually toxic. Factories will strengthen 


. 
\ppliances for Measuring Radiation from Domestic Heaters, 
R. E..Martin. Engineering, Vol. CXLV, June 24, 1938, p. 
Description of radiometer for measuring radiation efficiency 
domestic heaters. [ 


by R. 
71 


t 


The heat receiver consists of two sets of 
six elements interconnected by iron constantan thermocouples in 
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An Experimental Study Heat Collapse, 

Che Journal of Industrial H yaien 

398-400 


veved 


; 


| Weiner 
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Vol 
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study 
Afric 


June 1938, pp Report of an experime 


heat collapse. Employees of the Witwatersrand 


Gold Mine were subjects. Observations were made on pulse 


systolic and diastolic blood pressures and the respiratory rate and 


the oral temperatures while the subjects were working and stand 


ing at attention in room temperatures of 94-95 wet-bulb an 
6-98 dry-bulb. Some subjects experienced heat collapse 
7 
Hospital Air Conditioning, by C. P. Yaglou. The Journal 

the American Medical Association, Vol. 110, No. 24. June 11 
1938, pp. 2003-2009. Fifth report of the committee established 
by the American Medical Association to study air conditioning 
Outline of the objectives and special problems arising in the 
control of ward atmospheres, with especial reference to operating 
rooms, post-operative wards, nurseries for premature infants, 
fever cabinets or rooms, allergen-free rooms and oxygen chan 


bers where air conditioning has proved of value 











Pres. E. Holt Gurney, Toronto, Canada 


T the Semi-Annual Meeting 1938 held in The 
Homestead, Hot Springs, Va., June 20-22, over 
200 members and guests of the AMERICAN SOCI- 
ETY OF HEATING AND VENTILATING ENGINEERS devoted 
their attention to a discussion of 13 technical papers 
during the four threatening 
weather two sessiéns were held on Monday and single 


sessions. Because of 


sessions on Tuesday and Wednesday. 
FIRST SESSION— 


Monday, June 20, 9:30 a. m. 


Pres. E. Holt Gurney, Toronto, declared the Semi 
Annual Meeting 1938 in session and introduced J. A. 
Donnelly, Largent, W. Va., General Chairman of Ar 
rangements, who welcomed the visiting members and 
guests to Virginia. 

The first paper on the technical program was A Test 
Method for Air Filters, which was presented by the 





J. F. Melntire, Detroit 


The Homestead, Hot Springs, Va. 


Mrs, J. F. MelIntire, Detroit, and Mrs. 


E. Holt Gurney, Toronto 


ENJOYING A FEW DAYS IN VIRGINIA 





Proceedings of the 


Semi-Annual 


Meeting 1938 | 


AMERICAN SOCIETY OF HEATING 
AND VENTILATING ENGINEERS 


at 


‘ee 


oF: 
pS 
" 


June 20-22 


author, R. S. Dill, Washington, D. C. (Complete pa 

published in August 1938 A. S. H. V. E. 

SecTION, Heating, Piping and Air Conditioning. ) 
Arthur Nutting, Louisville, Ky., pointed out that 


I URN 


test method employed by the Bureau of Standards 
siders only the initial cleaning efficiency of a filter, whe: 
as the purchaser of a filter desires the highest averayg 
cleaning efficiency. He said the Bureau's method ga 
no indication of the maximum or the average cleat 
efficiency. 

The next paper on the program was The Flow 
\ir Through Exhaust Grilles, by A. M. Greene, 
and M. H. Dean, which was presented by the co-aut 
Mr. Dean, Kansas City, Mo., and detailed an investi 
gation to determine coefficients to be used in calculati 
the air flow through an exhaust grille of modern 
in which the work of previous investigators was check 
and an improved method 
paper to be published in A. S. H. V. E. 


demonstrated. 
JOURNAL SE 


( Complet: 


J. R. Vernon and J. J. Aeberly, Chicazo 
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TION, Heating, Piping and 
Air Conditioning ). 

The technical program 
included two papers relat- 
ing to air cleaning and the 
first to be presented was 
The Condensation Nuclei 
Content of the Air as Re- 
lated to Air Freshness, by 
R. A. Nielsen, East Pitts- 
burgh, Pa., 





which was 


j. A. Donnelly, General f 
Chairman, Committee on given by the author 
Arrangements ( Complete paper pub 
lished-in July 1938 A. S. 
H. V. E. Journat Section, Heating, Piping and Ai 


Conditioning. ) 

Oral comments were offered by Prof. C.-E. A. Wins 
low, New Haven, Conn., and H. C. Murphy, Louisville, 
Ky. 

In written discussions Lt. Col. W. A. Danielson, Fort 
Knox, Ky., said that research for the cause of “fresh 
ness” in air must be continued and he pointed out that 
the paper did not consider the Brownian movement of 
the charge of air which is a tremendous force in nature 
and will undoubtedly continue as a disturbing element 
in air research of this character. 

Dr. S. L. Warren, Rochester, N. Y., said that it was 
a common experience to find that, after remaining in a 
stimulating environment, the stimulation gradually sub 
sided and the “freshness” of the atmosphere disappeared 
because of the changes in humidity, temperature, oxygen 
carbon dioxide ratio, odors, ete., which have a depres 
sing influence. 

L. R. Koller, Schenectady, N. Y., said that his find 
ings indicated that the concentration of nuclei is not a 
usable index of “freshness” of air in conditioned atmos 
pheres, and that the factors of temperature, humidity 
and content of foreign gases or vapors are probably 
more important. 

Dr. C. A. Mills, Cincinnati, Ohio, expressed the 
opinion that the problem of determining air “freshness” 
was essentially a problem for biologic research and sug- 
gested that research be sponsored in this fundamental 
field, rather than on physical methods of conditioning 
air. 

W. L. Fleisher, New York, N. Y., suggested that 
the paper should include information about the pressures 
used in the nuclei counter and pressure after expansion, 
as this might give a clue to the question whether re- 
sults could have been altered by different methods of 
counting or applications of pressure. 

Lt. Col. W. D. Fleming, Washington, D. C., 
with the author’s conclusion that still air has a high 
condensation nuclei content and that reduction of this 
nuclei does not add anything to the “freshness” of air. 

The final paper of the first session, Air Filter Per- 
formance as Affected by Kind of Dust, Rate of Dust 
Feed and Air Velocity Through Filter, by F. B. Rowley 
and R. C. Jordan, was presented by R. E. Backstrom, 
St. Paul, Minn. (Complete paper published in August 
1938 A. S. H. V. E. Journar Section, Heating, Piping 
and Aw Conditioning. ) 

Oral discussions were given by Messrs. Dill, Fleisher 
and Lee. In his written discussion, Mr. Murphy said 
that the development of a dust feeder was an outstand- 


agreed 
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C. V. Haynes G. W. Barr 


Life Membership Certificates Presented 


ing feature of the cooperative researcl WOTK al 
data developed as to filter efficiency will be most hel 
ful to the Committee which is considering re 
the A. S. H. V. E. Standard Cod 

President Gurney announced that weathe 


matle it impossible to have the scheduled outdoor 
program and if it was the sense of the meeting that 
afternoon session be held, three papers would b 
sented as follows: Study of Summer Cooling in th 
Research Residence { sing a Small ¢ apacity Mecha 
Condensing Unit, by A. P. Kratz, S. Konzo, M. kK 
Fahnestock and I: | Brode rick Heat ly 


' 
{ naZing 


Through Single and Double 
R. A. Miller, Leighton Orr and A. C. Byers: and 


Measurement of Heat Transfer by Free Conve 
from Cylindrical Bodies by the Schlieren Method | 
| M. K. Boelter 

It was regularly moved, seconded and voted that an 
afternoon session be held at 2:00 p.m. and that tl 


technical papers be discussed 


SECOND SESSION— 
Monday, June 20, 2:00 p. m. 


The first paper reported studies at the University 
Illinois and was entitled Study of Summer Cooling 
the Research Residence Using a Small Capacity M: 


chanical Condensing Unit, by A. P. Kratz, S. Konz 


M. K. Fahnestock and E. L. Broderick. The presenta 
tion was made by Professor Fahnestock. (Complet 
paper published in May and June 1938 A. 5S. H. \ 
JourNaL Sections, Heating, Piping and Air ¢ 


ditioning. ) 

M. L. Carr presented the results of investigations 
made in Heat Transfer 
Glazing, by M. L. Carr, R. A 
and A. C. Byers. (Complete paper published in Jun 
ne aS HUY. UG 
Piping and Air Conditioning.) 

Among the suggestions made by P. F 
Manville, N. ]., 


of wooden spacers and the method ot determining ill 


Through Single and Double 


Miller, Leighton Or 


JOURNAL Section. Heati 


Mi ey rmot 


for further investigation were the uss 


velocities by the Kata thermometer 
Prof. C. M. Humphreys, Pittsburgh, Pa., 
the five factors that needed study, which include wi 


pointed out 


material, and 


velocities, muntin 
depth of the reveal. 


T. S. Rogers, Glen Ridge, N. ]., 


spacing, shape, and 
commented on the 


materials under test cond 


building 


performance of 
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tions and under installation stresses, and urged the con- 
tinuation of work. 

Prof. E. R. Queer, State College, Pa., discussed the 
importance of condensation and frost on double glazed 
windows and the heat transfer characteristics of small 
and large size panes. 

Prof. F. B. Rowley, Minneapolis, Minn., emphasized 
the care which must be used in applying fundamental 
constants to practical building construction and gave an 
analysis of the relationship of test values and calculated 
coefficients. 

R. J. Tenkonohy, St. Louis, Mo., said that a com- 
parison of results of performance of single and double 
glazed windows under test shows a difference that is 
most significant in heating work and which becomes 
even greater in cooling work. 

Colonel Danielson emphasized the importance of air 
motion which was brought out strikingly in the paper 
and explained the means of preventing condensation 
with double glazing. 

Prof. T. F. Rockweli, 
an analysis of percentage of heat saving based on the 


Pittsburgh, Pa., presented 
average ratio of net wall area to window area and 
pointed out the cost relationship between the use of 
double glazing and wall insulation. 

W. C. Randall, Detroit, Mich., pointed out the differ- 
ence in the test results in this report and one published 
in the 1936 A. S. H. V. E. Transactions on Room 
Surface Temperature of Glass in Windows, and also 
explained some of the practical difficulties involved in 
double glazing of steel windows which would be used 
where inside humidities were high. 

The paper on Measurement of Heat Transfer by Free 
Convection from Cylindrical Bodies by the Schlieren 
Method, by L.. M. K. Boelter, was given by John James, 
technical secretary of the Society. (Complete paper 
to be published in A. S. H. V. E. JourNAL Section, 
Heating, Piping and Air Conditioning.) In abstract- 
ing the paper, it was said that data obtained by 
means of the Schlieren method are employed in this 
paper to determine the effect of some simply shaped 
surroundings upon the convective heat rate from a hori- 
zontal circular cylinder. The rate of convective heat 
transmission may be shown to depend upon the slope 
of a beam of light as it leaves the thermal field near the 
surface. The light beam is so directed as to be tangent 
to the surface at the entrance to the thermal field and 
the beam slope is determined experimentally. The slope 
of the light beam as it leaves the cylinder is determined 
by the deflection from the shadow cast by a cold cylinder 
on the screen. The deflection of light beam is recorded 
by the exposure ‘of sensitized paper on a screen. 

The effects of four geometrically simple shaped sur- 
roundings were observed and arranged to form: (1) 
a vertical wall parallel to the cylinder; (2) a horizontal 
ceiling ; (3) an intersection of a wall and ceiling parallel 
to the cylinder; and (4) a square tunnel located con- 
centrically about the cylinder. The results report the 
ratio of film conductance with the cylinder at any dis- 
tance from the walls to that with the walls far from 
the cylinder. These data are shown as a function of the 
dimensionless ratio as compared with the distance of 
cylinder from the center of the wall divided by the 


diameter of the cylinder. 
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Conditioning 
Journal GY Section 


THIRD SESSION— 
Tuesday, June 21, 9:30 a. m. 


President Gurney opened the meeting and stated t 
if anyone present desired to reopen the discussion 
the three papers presented on Monday afternoon, 
opportunity would be afforded to them. As no 
expressed a desire to comment on the papers, C. M 
Peterson, Cambridge, Mass., was introduced by Pr 
dent Gurney and presented the paper, Radiation 
Convection from Surfaces in Various Positions, by G 
Wilkes and C. M. F. Peterson. (Complete paper | 
lished in July 1938 A. S. H. V. E. Jourwar Seci 
Heating, Piping and Air Conditioning. ) 

At the conclusion of his presentation, some comm 
were made by Professor Kratz and Paul MeDerine: 

The second paper in this session, Performanc: 
Surface Coil Dehumidifiers for Comfort Air Conditi 
ing, by G. L. Tuve and L. J. Siegel, was presented 
Professor Tuve, Cleveland, Ohio. (Complete pape: 
be published in A. S.H. V. E. JourNAL Section, //, 
ing, Piping and Air Conditioning. ) 

Professor Tuve said in making the presentation 
this paper is Progress Report No. 4 on the gen 
subject of the heat transfer of surface coils, on whi 
research has been in progress at Case School of Ay 
The first two reports dealt 
A year ag 
figuring ck 


plied Science since 1931. 
with dry coils for air heating and cooling. 
at the Swampscott meeting methods for 
humidifying coils by overall coefficients of heat transfer 
were reported. In the present paper special attention 
is paid to the use of the individual air-side and refrig 
erant-side surface coefficients. 

Since 1935 at least five important papers have 
peared on this subject, most of them in Refrigerati 
papers have probably acco 
They have 


Engineering. These 
plished two things: (1) 
theory and the formulas for the important relations 
coil performance; (2) by a hundred pages of mat 
matics and tables, they have convinced most engineers 
that the subject of surface-coil dehumidification is pr 
ably not so simple. But complicated things have a wa 
of becoming much simpler with understanding, and 


dey ek | ec 


right answers are becoming closer and closer without 
using complex equations and _ tables. 

It is not difficult to set down the advantages 
disadvantages of the various methods for figuring su! 
face coils. This has been done in Table 2. I 
desired to be able to rate a coil accurately by a tev 
‘asy tests, obtain coil performance under any operating 
condition by a few simple calculations, and to unde! 
stand the whole process. 

Comments were made by C. A. Bulkeley, Philadelp!u 
Pa., and a series of written discussions was presented as 
follows: V. T. Kartorie, York, Pa., believed that th 
authors’ work would eliminate temporary expedients and 
establish a basic system governing the performance ©! 
extended surface coils. 

B. L. Messinger, Chicago, Ill., presented several ques 


" ' 
( 


tions and a proposed new design for mixing chan 
and test house. 

R. H. Swart, Beloit, Wis., expressed interest in (!x 
tabulation of various methods of figuring coils with |! 
relative advantages and disadvantages and found 
the derivation of exit dry-bulb temperatures and sur 


1938 
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temperatures was in agreement with work that he had 
done. 

H. B. Pownall and S. P. Soling, York, Pa., ex- 
plained that available experimental data for a coil of 
constant depth and with constant air velocity for vary- 
ing refrigerant temperature showed that when the re 
frigerant temperature was lowered, there is a tendency 
for the leaving dry-bulb temperature to approach the 
saturation line. They pointed out how the deviation 
might be small or quite large. 

William Goodman, La Crosse, Wis., said that the 
humidity method described would be subject to errors 
inherent in the constant surface temperature method 
plus any error due to the assumption that the curve 
of leaving air conditions coincides with the constant 
humidity curve, and questioned the value of the method 
outlined by the authors. 

H. F. Hutzel, Detroit, Mich., believed that the analy- 
sis made by the authors does not enable determination 
of the refrigerant temperature required to obtain a given 
surface temperature. He said that it was his opinion 
that a universally applicable equation would have to con- 
sider internal tube diameter, velocity of refrigerant, and 
ratio of extended to internal tube area. He said that 
the paper offers some valuable ideas which may suggest 
an accurate solution of a very perplexing problem. 

W. L. Knaus, Fort Wayne, Ind., said that the paper 
presented a simple and useful method of analyzing 
coil performance and suggested a review of the analysis 
and tests to establish a range where the humidity method 
is satisfactory. 


Status of Research Work 


The Committee on Research held two lengthy ses 
sions and considered the reports submitted by the 24 
technical advisory committees. Contracts for cooper 
ative work were renewed with the University of Minne- 
sota to continue investigations on air filters; the Uni- 
versity of Illinois Medical School to investigate the 
effect of atmospheric conditions on cardiac cases; and 
the University of Pittsburgh to observe the reactions of 
patients, doctors and attendants to various atmospheric 
conditions in an operating room. 

To assist in launching a three-year investigative pro- 
gram on air distribution, new agreements were ap- 
proved with the University of Wisconsin, Case School 
of Applied Science to study the behavior of air dis- 
charge from grilles and when funds are available at 
the University of Illinois. 

Cooperative agreements were authorized for work at 
Princeton University to study problems of sound con- 
trol and the University of Toronto, Canada, for inves- 
tigating the structure of insulating materials. 

A summary of some work now under way is outlined 
herewith : 

Sensations of Comfort: C. Tasker, Chairman. 

Negotiations have progressed whereby definite arrangements 
have been made to conduct comfort studies this summer in the 
Federal Reserve Building, Washington, D. C., the Public Serv- 
ice Building, San Antonio, Texas, and the Metropolitan Life 
Insurance Building, New York City. 


Treatment of Disease: Dr. T. L. Hazlett, Chairman. 


Studies are being continued on the effect of atmospheric con- 
ditions on cardiac cases at the Medical School of the University 
of Illinois by Dr. R. W. Keeton. This program is outlined in 
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detail in the Annual Report of 
the Committee on Research 
1937. 

A cooperative study has been 
developed with the University 
of Pittsburgh Medical School 
where regular observations are 
now being taken on the com 
fort of the patient, doctor and 
his attendants in the operating 
room at the Magee Hospital to 
determine their reactions to 
various atmospheric conditions 
At the same time efforts ar 
being made to assemble the nex 
essary instruments and person- 
nel to determine the anesthetic 
content of the air in different 
parts of the room, the bacteria 
content of the air as well as 
the desirable physiological facts 

Air Conditioning in Industr) 
\. E. Stacey, Jr., Chairmas 

The present objectives of this 
committee deal with the ai 
conditions prevalent in indus 
trial applications. Steps will be 
taken immediately to investi 
gate the phy sidlogical reactions 
of individuals to conditions along 
the effective temperature lines 
ot 85 and 87 deg with men at 
rest and stripped to the under- 
shirt These studies will be 
conducted in the Research Lab- 
oratory psychrometric rooms in 
Pittsburgh. Phe 


further intended to determine 


program 1s 


the critical point of heat loss 
trom the human body for lines 
B, C and E which are repre 
sented on Fig. 8, page 74 of 
THe Guine 1938 

Aw Cleaning and Atmos 
pheric Impurities: H. C. Mut 
phy, Chairman. 

The committee is considering 
a revision to the Society's 
Standard Code for Testing and 
Rating Air Cleaning Devices 
Used in General Ventilation 
Work, It is expected that some 
method of comparing air filter 
efficiencies by the use of a light 
meter will be considered in 
these revisions. 

It is contemplated that one 
phase of the program now being 
outlined by the committee per 
sonnel will include a study in 
establishing the reduction in 
bacterial content of air before 
and after cleaning with differ- 
ent methods of application 
Further it is felt that some 
study of the characteristics of 
the bacteria involved is essen- 
tial particularly in view of the 
more recently accepted demon- 
stration of the fact that patho- 
genic bacteria may be air borne. 
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Radiation and Comfort Winter and Summer and Effect of 
Varying Humidity on Radiant Heating and Cooling: J. C. Fitts, 
Chairman. 

As a result of a series of preliminary conferences and by the 
exchange of correspondence with the committee personnel a 
tentative scope of the work to be projected is as follows: (1) 
A study based on primary sense reactions of the relative com- 
fort derived from rooms with normal window arrangements from 
convected heat and from heat supplied by both convection and 
direct radiation; (2) A study of the effect of radiation in govern- 
ing the sense of warmth of a person in an occupied space, 
together with the effect of dry-bulb temperature, moisture con- 
tent and movement of the air already studied by the Society and 
included in the Effective Temperature Index or the Comfort 
Chart; (3) A study of the physiological reactions of persons, 
including skin temperature, comfort and health measurements, 
to rooms heated with and without radiation; and (4) A study 
of the relative effect on comfort and physiological reactions by 
radiation of varying wave-length, and the effect of the relative 
humidity of the air within the room on the effectiveness of such 
radiation. 

As an immediate objective the committee is considering the 
initiation of studies covering item 1 to be accomplished at the 
Research Laboratory. 

Weather Design Conditions: T. H. Urdahl, Chairman. 

The program as outlined by the Chairman of this committee 
has suggested the following tentative plan for action as a result 
of a series of conferences and exchange of correspondence be- 
tween the committee personnel: (1) That a bibliography be 
prepared and circulated to the committee members, outlining the 
work already done and the manner in which the various data 
were collected; (2) That the factors which were not considered 
in any of these studies be brought out as problems for future 
consideration; and (3) That some method be adopted whereby 
a recommended procedure of collecting weather data be estab- 
lished, 

The chairman of this committee has reported that this pro- 
gram is now ready for execution and it is expected that the 
necessary data will be assembled and correlated at the Research 
Laboratory. 

Radiation with Gravity Air Circulation: M. K. Fahnestock, 
Chairman, 

The research work of this committee conducted at the Univer- 
sity of Illinois may be divided into two parts: (1) that which 
has or may be done in a warm wall test booth; and, (2) that 
which may be done in a room heating testing plant, where test 
conditions simulate actual service conditions. 

Under part 1 an extensive study of the inlet and outlets of 
convector heater cabinets with reference to their effect upon the 
heat output or capacity of the units has just been completed. 
These data will be presented in a technical paper. Future work 
in the booth will probably include tests on lightweight direct 
cast-iron radiators. 

Under part 2, the remodelling whereby the test plant was 
enlarged to provide a test rom 15 ft x 18 ft x 8 ft 6 in. in 
place of the twe former 9 ft x 11 ft x 9 ft test rooms is prac- 
tically completed. The first tests will be to correlate the per- 
formance of conventional tubular steam radiators and convectors 
in the 15 ft x 18 ft test room with their previous performance 
in the 9 ft x 11 ft test rooms. Future work will include studies 
with conventional direct cast-iron radiators, lightweight direct 
cast-iron radiators, and convectors, both free standing in the 
room, and recessed under windows in exposed walls. 

Heat Transfer of Finned Tubes with Forced Air Circulation: 
G, L. Tuve, Chairman. 

Work is being resumed in checking the varicus methods for 
calculating dehumidifying coils. Special attention is being given 
to the determination of surface heat transfer coefficients which 
may in turn be combined to give the overall coefficient for any 


desired operating condition. 
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The entire program is directed toward the formulation of yj 
form practices, which can then be recommended as the basis 
a standard Test Code for rating and calculating surface « 
Five subdivisions of the general problem are covered in 
present plans for experimental studies and correlations: (1) \ 
riation of air-side surface coefficients of both dry and wet coils 
(2) Effect of water velocities on the water-side coefficient 
both refrigerating and heating coils, connected in counterflow :; 
in cross-flow; (3) Improvement of methods for measuring 
frigerant-side surface coefficients of direct-expansion coils ; 
Effect of coil depth or number of rows of tubes, and performa 
of very deep coils, (6 to 10 rows); and (5) Relation of | 
transfer to air friction and air velocity. 

Cooling Load in Summer Air Conditioning: J. H. Wall 
Chairman, 

A preliminary report covering the research investigations 
served at the Research Laboratory has been distributed to 1 
committee personnel giving fragmentary data on a few walls in 
which the time lag due to solar radiation has been noted. A 
complete report of the program which is contemplated for study 
by the Research Laboratory this summer has been submitted | 
interested individuals and if financial assistance is obtained it is 
contemplated that the work can start immediately. 

Solid Fuels: W. A. Danielson, Chairman. 

The general problem of this committee deals with utilization of 
fuels with the ultimate objective to provide better service to the 
consumer. The scope of work thus far outlined seems to em- 
phasize the importance of collecting facts from recognized au 
thorities and further attempting to correlate the work of other 
agencies doing investigative work in this field. 

One of the important problems to be considered indicates 
that in the solid fuel field there is a seeming lack of approved 
test methods and means whereby comparative standards in per- 
formance of equipment can be evaluated. The importance oi 
mutual education from the consumer’s viewpoint will be em- 
phasized with regard to cleanliness, convenience and comiort 
studies. Utilization of solid fuels has been generally classified 
by the committee as dealing with (1) equipment, (2) method 
of firing, (3) drafts, and (4) fuel and ash handling. 

Summer Air Conditioning for Residences: M. K. Fahnestock 
Chairman, 

The research work of this committee conducted in the ke 
search Residence has been in cooperation with the University oi 
illinois and the National Warm Air Heating and Air Con- 
ditioning Association, This study is to be continued during the 
summer of 1938 with the following objectives: (1) to obtain 
more information on the practicability of using a small capacity 
condensing unit in severe warm weather; (2) to obtain more 
information on the feasibility of cooling the first floor during 
the day and the second floor at night; (3) to obtain data in 
regard to the rate at which the temperature of the air in a space, 
where cooling has not been in progress, can be reduced with 
several different cooling capacities; and (4) to study a possible 
method of alleviating the unsatisfactory fluctuations in indoor 
relative humidity which occur in mild weather in a residence, 
where the dry-bulb temperature is maintained by starting and 
stopping the condensing unit with a dry-bulb temperature ther- 
mostat. 

Air Distribution and Air Friction: J. H. Van Alsburg, Charr- 
man, 

A comprehensive program for investigations in this field has 
been outlined with the work to be accomplished at various 
cooperative institutions and the Research Laboratory. 

At the University of Illinois it has been suggested that tests 
be conducted in their 15x18 ft cold room where the walls, 
ceilings or floors may be heated or cooled in order to determine 
the advantage of location of air outlet with specific regard to 
supply and return. 

The program contemplated at the Case School of Applied 
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Science involves a comparison of instruments used for air ve- 
locity measurement and the behavior of air discharge from 
grilles into large unc mfined spaces. 

At the University of Wisconsin a cooperative project is being 
considered which will consist of testing the effect of approaches 
to an air outlet and possibly further tests in large rooms with 
variable shaped openings. 

Heat Requirements of Buildings: P. D. Close, Chairman. 

As the Guimpe is materially lacking in data pertaining to 
heat losses into the ground, it has been recommended that a 
study be conducted at the Research Laboratory to establish 
proper heat loss coefficients. Tests have been planned to deter- 
mine the heat loss into the ground by use of a suitable heat 
flow meter. 
pitched roofs has also been considered by this committee and it 


The heat loss through top floor ceilings and under 


is expected that a revised method of calculating these losses will 
be submitted to the Guide Publication Committee. 

Air Conditioning Requirements of Glass: M. L. Carr, Chair 
man. 

The work of this committee is actively progressing as a result 
of the program established last year with substantial earmarked 
funds to conduct current investigations. A technical paper re- 
porting the work thus far accomplished by this group was 
presented at the Semi-Annual Meeting of the Society entitled 
Heat Transfer Through Single and Double Glazing. 

Insulation: W. 

A comprehensive program of research activity was developed 


A. Danielson, Chairman. 


by this committee a year ago with particular interest displayed 
in the development of codes for testing conductivity and heat 
transfer. Some of the subjects dealing with the fundamental 
aspects of insulation constitute the general work of the committee 
and may be enumerated as as follows: (1) the effect of regain 
moisture on the conductivity of insulating materials, (2) the effect 
of condensed moisture on the conductivity of insulating materials 
in a structure, (3) effect of the thickness of the insulating 
material accepted for test and the conductivity value obtained, 
(4) effect of condensation on the surface of reflective insulation, 
(5) effect of fiber size and fiber arrangement within an insulat- 
ing board on its conductivity, (6) relation between the heat 
capacity of an insulating material and the rate of heat penetra- 
tion through a structure in which it is installed, and (7) the 
degree of settling found for different fill materials after they 
are placed in a structure. 

Sound Control: J. S. Parkinson, Chairman. 

It is the consensus of this committee that a code is both 
necessary and desirable for testing and rating the noise of air 
conditioning equipment. A suggested code has been outlined 
and submitted to the members of this committee for detailed 
consideration. A request has also been forwarded to various 
air conditioning manufacturers soliciting their cooperation in 
furnishing the committee with any available data now being 
used in predicting the noise levels in a room and applying 
this information to the selection of equipment and application of 
sound absorptive materials. 

Cooling Towers, Evaporative Condensers and Spray Ponds: 
B. M. Woods, Chairman. 

Primary factors affecting this type of equipment have been 
under consideration by this committee. In connection with cool- 
ing tower performance the problems for study have been gener- 
ally classified as those dealing with the gross factors usually 
considered for a given tower, such as wind velocity, wet-bulb 
temperature of air striking the tower, temperature of water on the 
tower, and loading of water on a tower in gallons per minute 
per square foot of area. 

The cooling effect of various thicknesses of water maintained 
on roof decks is being studied by this Committee and during 
the current summer it is expected that various observations will 
be made on test cubicles to ascertain actual surface temperatures. 

Corrosion in Steam Systems: A. R. Mumford, Chairman. 

This committee is actively engaged in developing a program 
to determine the probable effect of the rate of condensation upon 
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the oxygen content of a condensate leaving a radiator Phi 
work is a continuation of that outlined in the Annual Report 
of the Committee on Research 1937. 
Corrosion in Air Conditioning Equipment: A. E. Stacey, J: 
Chairman. 
At the annual meeting of the Society in New York last January 
a memorandum was reviewed covering the work thus far re 


ported by this committee. Since that time additional corre 
spondence has been exchanged between the committee member 
and it is expected that a report will soon be released deali 


with this subject. 


FOURTH SESSION— 
Wednesday, June 22, 9:30 a. m. 


On Wednesday morning the fourth session was called 
to order by President Gurney and a report of the tellet 
on the ballots for the A. S. H. V. E. Standard Code for 
Testing Stoker-Fired Steam Heating 
348 legal ballots, of which 345 voted approval of the 


Code and three disapproved. <A series of four papers 


Boilers showed 


on summer cooling studies was announced 
Tasker, 


Cooling Requirements for Summer Comfort Air Con 


The first speaker, C Toronto, Canada, gave 
ditioning in Toronto. (Complete paper published in 
June 1938 A. S.H. V.E. Heati 
Piping and Air Conditioning.) 

Agricultural and Mechani 


Seasonal 


JOURNAL SECTION 

Observations made at the 
cal College of Texas were given in the paper, 
Variations in Effective Temperature Requirements, by 
F. E. Giesecke and W. H. Badgett, which was pre 
sented by Mr. Badgett. (Complete paper to be pub 


lished in A. S. H. V. E. Journat Section, Heating 
Piping and Air Conditioning.) 
Additional data collected at Minneapolis, Minn., were 


further analyzed in two papers: Shock Experiences of 
275 Workers After Entering and Leaving Cooled and 
Air Conditioned Offices, by A. B. Newton, F. C. Hough 
ten, Carl Gutberlet, R. W. Qualley and M. C. W 
Tomlinson, which was presented by Mr. Houghten 
(Complete paper published in July 1938 A. S. H. V. ] 
Journat Section, Heating, Piping and Air Condition 
ing); and in General Reactions of 274 Office Workers 
\ir Conditioning, by F. ( 
Houghten, A. B. Newton, R. W. Qualley and Edward 
Witkowski, which was presented by Mr. Newton 
(Complete paper published in August 1938 A. S. H 
V. E. Journav Section, Heating, Piping and Air Con 


to Summer Cooling and 


tioning. ) 

Discussions were given by L. T. Avery, Cleveland, 
Ohio, M. S. Cooley, Washington, D. C., W. R. Rhoton, 
Cleveland, Ohio, W. L. Fleisher, W. E. Zieber, York. 
Pa., F. R. Bichowsky, Ann Arbor, Mich., and F. ( 
Houghten. 


Amendments to Research Regulations 


The amended Regulations Governing the Committee 
on Research were presented and on motion of Mr. 
Fleisher, seconded by Mr. Tasker, it was unanimously 
voted to approve the following articles: 

Chairman and 


Article II, Organization—Section 2. ice 


] 
Chairman, Committee on Research—A Chairman and a Vice 
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Chairman of the Committee on Research shall be appointed each 
year by the President of the Society immediately after election, 
such appointments to be made from the membership of the Com- 
mittee on Research. The member appointed Chairman shall 
have served on the Committee not less than one (1) year. 

OMIT SECTION 3. Section 3. Vice-Chairman—A Vice 
Chairman shall also be elected in the same manner and for the 
same period as stated for the Chairman in Section 2. 

Section 4. Research Executive Committee—There shall be a 
Research Executive Committee consisting of the Chairman and 
the Vice Chairman of the Committee on Research and three (3) 
other members of the Committee on Research, appointed by the 
Chairman immediately following the Annual Meeting. 


Article III, Duties of Officers—Section 1. Chairman—The 
Chairman of the Committee on Research shall preside at all 
meetings of the Committee and the Research Executive Com- 
mittee. He shall be an ex-officio member of the Council. He 
shall approve all bills against Research activities before payment 
is made. 

Section 3. Director of Research Laboratory—The Director 
of the Research Laboratory shall be in direct charge of the 
Laboratory under the direction of the Chairman of the Com- 
mittee on Research. He shall be responsible to the Committee 
on Research, and shall cooperate with the Chairman of the 
Committee in every way possible. He shall approve all bills 
against Research activities before payment is made. 

Article IV, Duties of Committees—Section 1. Committee on 
Research—The Committee on Research shall have general charge 
of all Research activities including the making of the necessary 
contracts for rental or purchase of equipment or materials. This 
Committee shall select and engage a Director of the Research 
Laboratory, subject to the approval of the Council and such 
assistants of the Research Laboratory and the Committee on 
Research as may be required, or the authority for the selection 
and employment of the Laboratory assistants may be delegated 
to the Director of the Laboratory by authority of the Com- 
mittee if the Commitfee so desires. The Committee shall 
determine all salaries, approve all cooperative agreements and 
determine the order in which the subjects shall be investigated 
by the Research Laboratory. Any proposed expenditure of Re- 
search funds outside of the approved budget shall be approved 
by the Committee on Research before the expenditure is made. 


Article V, Approval—All acts 
of the Committee on Research other than those specifically au- 
thorized shall be subject to review «by the Council. 


Government—Section 3(a). 


Section 7(a). Payment of Bills—All bills against Research 
activities shall be presented to the Director of the Laboratory 
and to the Chairman of the Committee on Research, who will 
present approved bills to the Secretary of the Society. 

The Secretary shall check and, if correct, approve for pay- 
ment all items when covered by the budget, or emergency 
expenditures approved in writing by the Chairman of the 
Committee on Research. 


\ summary of these accounts shall be made at least every 
thirty (30) days on a form approved by the Council and 
presented to the Treasurer of the Society, who shall draw a 
check against the Research Fund, payable to the American So- 
ciety of Heating and Ventilating Engineers, for the total amount 
of the approved bills, which check shall be deposited in the Sec- 
retary’s special account. The Secretary shall draw against this 
amount in settlement of all approved expenditures. 

Section 7(b), The Secretary shall have the authority to pay 
salaries, traveling expenses, and petty cash in accordance with 
the budget. 

Section 8 Accounts—The book of accounts shall be kept 
at the headquarters of the Society, and shall be audited each 
year at the time the Society books are audited and by the same 
certified public accountant who examines the Society accounts. 
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The accountant’s report shall be presented at the Annual Meetin, 
of the Society by the Chairman of the Committee on Resear: 
as the financial report on research activities for the year. 








Amendments to Constitution 


The Secretary reported the receipt of a petition signe 
by ten members for the amendment of Article C-V, Se: 
tion 1, of the Society’s Constitution. President Gurn 
asked that the original article and the amendment | 
read by the Secretary. 

Article C-V—The Council: 

Section 1. 
a Board of Directors chosen from among the persons entitk 
to vote, which shall be styled “The Council.” It shall consis: 
of the President, First Vice-President, Second Vice-Presick 


The affairs of the Society shall be managed 


Treasurer, the last Past President and twelve (12) elect 
members, four (4) of whom shall be elected each year to hol 
office for three (3) years. The Secretary may take part in t 
deliberation of the Council, but shall have no vote therein. 

To be amended as follows: 

Section 1. The affairs of the Society shall be managed by 
Board of Directors chosen from among the persons entitled 
vote, which shall be styled “The Council.” It shall consist 
the President, First Vice-President, Vice-President 
Treasurer, the last Past President and twelve (12) elected men 


Sec md 


bers, four (4) of whom shall be elected each year to h 
office for three (3) years. The Chairman of the Committ 
on Research shall be an ex-officio member of the Council. T! 
Secretary may take part in the deliberation of the Council, | 
shall have no vote therein. 


Resolutions 
J. F. S. Collins, Jr., Pittsburgh, Pa., offered the fol 
lowing resolutions of appreciation : 


Before closing this pleasant instructive meeting, we the men 
bers of the AMERICAN Socrety OF HEATING AND VENTILATIN 
ENGINEERS assembled in Hot Springs, Va. for the Semi-Am 
Meeting 1938, wish to taank those who are responsible 
making it an outstanding success, therefore, 


Be It Resolved, That we are indebted to the Committee 
Arrangements who under the able leadership of their genet 
chairman, J. A. Donnelly, and his committee chairmen, hav 


worked so faithfully and efficiently. 
That, we appreciate the messages brought to us by the 


able speakers at our technical session and at our banquet t 
stimulate us through the coming months. 


That, we enjoyed the scenic and inspection trips provided by 
the Arrangements Committee. 


That, we are appreciative of the service and courtesies ex 
tended by the management of The Homestead. 


That, we thank the press for its generous support in giving 
space and publicity to the activities and to the papers presented 


at our sessions. 


Be It Further Resolved, That to all those who have contributed 
toward making this meeting a success, we wish to express ou! 
sincere appreciation. 


On motion of Mr. Collins, seconded by Mr. Fleisher, 
it was unanimously voted to adopt these resolutions. 

President Gurney asked if there was any unfinished 
business to be brought before the meeting or any new 
business and, in the absence of any further business, a 


resolution to adjourn was adopted. 
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Entertainment and Sports Program 


A card party and tea was held for the ladies in the Palm 
Room of The Homestead at 2:30 on Monday afternoon and 
eight tables of players participated. Those who were rewarded 
for their skill received loose-powder compacts: Mrs, C. M. 
Humphreys, Pittsburgh, Pa., Mrs. R. L. Blanding, Providence, 
R. I, Mrs. J. F. Collins, Jr., Pittsburgh, Mrs. M. W. Bishop, 
Chicago, Ill, Miss B. B. Mahon, Scranton, Pa., Mrs, G. F. 
Miller, Washington, D. C., Mrs. C. E. Price, Chicago, and 
Mrs. Arthur Nutting, Louisville, Ky. 

At 3:00 p.m. the children assembled at The Homestead pool 
for a swim and the aquatic program was directed by R. McC. 
lohnston. Those who took part were Jean, Arthur, Jr., and 
David Nass, Pittsburgh, Pa., Doster, Litchfield, 
Conn., Ruth and Marjorie Nelson, Madison, Wis., Charles 
Farnham, Buffalo, N. Y., and Howard Meinke, Baldwin, L. L., 
N. Y. 


It was observed that ping pong had its devotees. 


Stephanie 


In the evening at 7:30 p.m. a Get-Together Dinner was 
held in the Empire Room and a real old-fashioned southern 
chicken dinner was served. Hill Billy music was enjoyed dur- 
ing the dinner hour and then dancing continued in the Crystal 
Room. President Gurney made special awards to Mrs, F. Paul 
Anderson and Mrs. Virginia F. Anderson, Lexington, Ky., M. 
W. Bishop, Chicago, Ill, and G. H. Tuttle, Detroit, Mich. 

Tuesday morning the ladies participated in a golf putting 
contest and the winners were Mrs. H. C. Murphy, Louisville, 
Ky., Mrs. M. F. Blankin, Philadelphia, Pa., Mrs. E. W. Mc- 
Mullen, Joplin, Mo., and Mrs. D. J. Van Marle, Buffalo, N. Y. 

At 2:00 p.m. the golfers teed off on The Homestead course 
and competed for the Research Cup and the Eichberg Memorial 
Trophy. 

At the conclusion of the tournament Tom Brown, Chicago, 
had possession of the Research Cup, and the Illinois Chapter 
team, consisting of Tom Brown, E. J. Gossett and E. W. Rietz, 
took the Eichberg Cup back to Chicago for the second succes- 
sive year. The winner of the flag tournament was E. J. Gossett, 
Chicago. The low gross score was made by Arthur Nutting, 
Louisville, Ky., and other awards were made to G. F. Miller, 
Washington, D. C., most par holes; M. F. Blankin, Philadelphia, 
least number of putts; E. W. Rietz, Chicago, most one putt 
greens; W. J. Osborn, New York, most consecutive pars; W. L. 
Fleisher, New York, par on 13th; M. W. Bishop, Chicago, most 
3's; E. W. McMullen, Joplin, Mo., most 4’s; H. D. Jackes, Syra- 
cuse, N. Y., most 5's; M. W. McRae, Chicago, blind bogey; C. E. 
Price, Chicago, and D. S. Boyden, Boston, selected holes; and 
\. E. Wake, Chicago, guest prize. 

At 2:00 p.m. a group of 27 members left the hotel in cars 
to inspect the mill of the West Virginia Pulp and Paper Co. 
at Covington. Under the direction of Mr. MacDonald guides 
escorted members through the various departments of the 
plant. At 2:30 p.m. horses and carriages drove to the door 
and 43 members and ladies enjoyed a two-hour carriage ride 
through the winding roads to Dunns Gap. 

At 7:30 pm. the Semi-Annual Banquet was held in the 
Empire Room with over 200 present. Those seated at the head 
table were Prof. E. O. Eastwood, Mr. and Mrs. E. Holt 


Gurney, Dr. C. M 
Messrs. A. J. 
Donnelly, C. V. 
of Seattle, a native Virginian, acted as toastmaster 


Newman, Mr. and Mrs. J. F. MclIntire, 
Offner, D. S. Boyden, W. H. Driscoll, J. A 
Haynes, and G. W. Barr. Professor Eastwood 
President 
Gurney presented life membership certificates to C. V. Haynes 
Philadelphia, and G. W. Barr, Villa Nova, Pa. W. H. Driscoll 
Syracuse, past president of the Society, presented the pres 
ident’s memory book to D. S. Boyden, Boston, who responded 
briefly and expressed his appreciation to the Council and his 
happiness in having served the Society as president 


Professor Eastwood introduced Dr. ( M. Newman, of the 


Institute, wl 
gave a most entertaining and humorous talk on the subject 


American Humor. W. |! 


sented the Research Cup to Tom Brown and the Eichberg Cup 


Department of English, Virginia Polytechnic 


of Some Elements of Fleisher pre 
to Elmer Rietz. After the dinner and the short speaking pro 
gram dancing was enjoyed in the Crystal Room 

On Wednesday several informal golf matches were played 
on the Homestead and Cascade Courses under almost idea 
weather conditions and the tennis enthusiasts had their innings 
on the fine Homestead courts 

The following Committee on Arrangements was in charge of 
activities: J. A. Donnelly, General Chairmar Perry West, Ke- 


ception; I. B. Helburn, Registration; E. W. Klein, / 
J. K. Peebles, Jr., Publicity; J. A. Shanklin, Banquet; L. | 
Nordine, Golf; R. McC. Johnston, Entertainment and Sports: and 


\. Buenger, Ladics 
It was a meeting that will be remembered with pleasur: 


all who attended. 


Atlanta Chapter Participates 
| | 


in Engineers Outing 


June 10, 1938. The Atlanta Chapter of the Society met wit! 
the local associations of the American Institute Electri 
Engineers and the American Society of Mechanical Engineers 
at the East Lake Country Club to enjoy the 
Outing. 

The program included golf in the afternoon, followed 
dinner dance, which was attended by the wives and guests of 
members. Specifications for a Miss A. S. M. E., Miss A. IL. E. ] 
and Miss A. S. H. V. E. were read and Mrs. L. | 
chosen Miss A. S. H. V. E. 

Secy. H. K. McCain has reported that the newly elected 
officers of each Society were announced, with T. 7 
reading the list for the A, S. H. V. FE. Atlanta Chapter 


Barnes was 


Tucker 


H. J. Rose Joins Westchester 
Distributor 


Announcement has been made of the association of Howard 
J. Rose with Suburban Air Conditioning Corp., White Plains 
N. Y., distributors of Carrier Corp. in Westchester County, New 
York, and eastern Fairfield County in Connecticut. Mr. Ross 
will manage sales and development activities in a progran 
planned to broaden service to jobbers, contractors, and dealers 


in the heating and refrigerating field 








CANDIDATES FOR MEMBERSHIP 








he Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for member 


ship in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their references 


shall be printed in the next issue of the JourNnat of the Society or sent to the members in other approved manner as ordered by the 


ouncil. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the Commit 


' — 
tee on Admission and Advancement as soon as possible. 
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